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The meat from wild animals, or wild meat, is critical to the survival of rural and 
Indigenous people worldwide. Typically, these communities live in remote places 
where access to domestic meats is limited. Unregulated wild meat extraction 
alongside the increasing demand by urban residents can impact game species 
populations. In the Amazon, limited information is available on the drivers of wild 
meat use and trade in rural and urban areas. Knowledge of life-history 
parameters of Amazonian game species, useful for determining their resilience 
to hunting, is also lacking. In this thesis I: 1) investigate patterns and drivers of 
wild meat consumption and trade in the Amazon, and 2) present new data on life-
history parameters of a widely hunted species, the lowland paca (Cuniculus 
paca), and advance ways of gathering such data from the wild. In the first part of 
the thesis, I study the consumption of wild meat by rural and urban households 
in Amazonas, the largest state in Brazil. I demonstrate that the number of hunters 
living in rural households determines the rates of consumption and the probability 
of trading wild meat. I show that flavour of certain species increases their 
consumption rates, and body mass of the species determines its trade price. I 
also model the relationship between wild meat use and a selection of important 
socioeconomic indices in five cities in the Brazilian Amazon. I use the results of 
this model to scale up to all of 62 main urban settlements in Amazonas. This is 
the first large-scale estimation of wild meat amounts consumed and traded across 
the entire Brazilian Amazon. I found that the frequency of wild meat consumption 
in these cities was positively correlated with the proportion of rural population and 
with the per capita gross domestic product of the municipality. I estimate 10,691 
tonnes of wild meat consumed annually in central Amazonia, 6.49 kg per person 
per year, and US$21.72 per person or US$35.1 million annual overall in terms of 
trade. In the second part of my thesis, I investigate the reproductive parameters 
of the lowland paca from data collected using community-based hunting 
monitoring and collection of biological materials. I used information gathered over 
17 years in a site in Brazil and another in Peru. I found that lowland pacas 
reproduce seasonally. Moreover, the period of the year when more pregnant 
females were found overlaps with the period of higher hunting rates, which may 
likely affect populations of the species. I also found that the species reaches 
maturity at 4 months of age, at least 3 months earlier than previously reported in 
the literature. No signs of senescence in the species was detected. I then tested 
the efficacy of local people in diagnosing pregnancy in hunted female lowland 
pacas, and used these results to correct hunted specimens’ reproductive status 
data, voluntarily collected by hunters as part of a citizen science project. I show 
that local people correctly diagnosed pregnancy in 72.5% and 88.2% of tests 
before and after training, respectively. Monthly pregnancy rates determined by 
hunters and by researchers were similar. Reported annual pregnancy rates were 
negatively correlated with the productivity of hunting events, and positively 
associated with the percentage of immatures in the hunted population. This 
demonstrates that the voluntary diagnosis of game species’ reproductive status 
by local people is a feasible method to obtain accurate life-history parameters. 
The information presented in this thesis can help ascertain sustainability of wild 
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Chapter 1. General Introduction 
 
1.1 The importance of wild meat for human societies and the impacts on 
game species 
  
 Hunting for wild meat (meat from wild animals, excluding fish) is a 
widespread practice that occurs in all regions of the world where humans are 
present. Over 2,000 wild species are used as a source of wild meat across the 
world (Redmond et al. 2006) and these are essential to ensure the food security 
of millions of people worldwide. Wild meat is especially critical for the survival of 
rural and Indigenous communities living in remote regions of tropical forests 
who usually have little access to domestic meats (Torres et al. 2018). Over 150 
million households across Latin America, Asia, and Africa are estimated to 
regularly consume wild meat (Nielsen et al 2018). For these people, wild meat 
is one of the most important sources of essential macronutrients and 
micronutrients, such as protein, fat, iron, zinc, and a series of vitamins (Golden 
et al. 2011; Sarti et al. 2015; van Vliet et al. 2017). Estimates from the two 
largest continuous tropical forests on the planet, the Amazon and Congo 
basins, show that wild meat consumption is responsible for 60% to 80% of daily 
protein needs for local communities (Nasi et al. 2008; Cawthorn and Hoffman 
2015), and approximately 5 to 6 million tonnes of mammal meat - usually the 
most hunted group in tropical forests - are harvested annually in these areas 
(Fa et al. 2002; Nasi et al. 2011). 
 In addition to consuming wild meat, rural and Indigenous Peoples often 
sell the meat from wild animals as a source of income, both between local 
communities and in urban markets (Coad et al. 2010; Schulte-Herbrüggen et al. 
2013). In the Global South, wild meat is suggested to represent, on average, 2% 
of households' income; but there can be large variation between sites (Nielsen et 
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al. 2018). For instance, annual income from the sale of wild meat reaches up to 
32.8% of total household income on Bioko Island, Equatorial Guinea (Grande-
Vega et al. 2013). In North Sulawesi, wildlife meat from forested areas was 
routinely available for sale in 73% of urban markets surveyed, where 800 tonnes 
of wild meat were recorded as traded over a year (Latinne et al. 2020). The 
income obtained by rural or peri-urban hunters from this trade is usually used to 
purchase other crucial food supplies and goods only available in urban areas, 
such as cereals, poultry, eggs, clothes and oil (Lindsey et al. 2011; Grande-Vega 
et al. 2013). Households containing commercial hunters on Bioko Island were 
wealthier and spent more money on products they did not grow themselves than 
households that did not sell wild meat (Grande-Vega et al. 2013). In addition, 
cash obtained from the wild meat trade also provides important protection against 
economic shocks, such as crop failures or illness. Economic reliance on wild meat 
and income generation by selling wild meat vary seasonally and are significantly 
higher during periods in which other sources of food or local income are relatively 
low (Endo et al. 2016; Nielsen et al. 2018).  
 Although consumption and trade of wild meat can be essential for 
numerous peoples throughout the globe, there is increasing evidence that 
unsustainable hunting is one of the main causes of wildlife population declines 
worldwide. The growth in human populations, improvements in hunting 
technologies, and the higher participation of local people into commercial 
markets of wild meat have escalated exploitation rates of game species 
(Benítez-López et al. 2017; Brashares et al. 2011; Grande-Vega et al. 2013; 
Bowler et al. 2020). As a consequence, around 20% of the threatened and 
near-threatened species listed in the IUCN Red List are directly impacted by 
hunting; 50% of these are also affected by some kind of trade (Maxwell et al. 
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2016; Ripple et al. 2016; Scheffers et al. 2019). Hunting is similarly the most 
frequently reported anthropogenic threat to wildlife in protected areas (Tranquilli 
et al. 2014; Schulze et al. 2018). Benítez-López et al. (2017) showed that both 
tropical mammals and birds suffer reductions in their abundance, in the order of 
58 to 83% respectively in hunted areas compared to non-hunted areas. In 
addition, in a review of studies on hunting impacts, Coad et al. (2019) found that 
on average 50% of game species are unsustainably hunted in tropical forests. 
 Game species’ declines can result in severe ecosystem changes. The 
loss of ecological functions such as seed dispersal provided by hunted species 
can promote cascading effects on forest structure and long-term viability, and 
ultimately on carbon sequestration, and in some cases even influence the 
weather conditions and aggravate climate change (Brodie and Gibbs 2009; 
Dirzo et al. 2014; Peres et al. 2016). Furthermore, declines in game species’ 
populations can generate extinctions of interacting species as well as the loss of 
key ecological services (Terborgh and Estes, 2010; Dirzo et al. 2014; Ripple et 
al. 2016), such as the provision of food for local communities that depend on 
this resource (Fa et al. 2003; Fa et al. 2015a). For instance, Fa et al. (2015a) 
have shown that decreases in wild meat availability in central Africa were 
intrinsically related to the occurrence of malnutrition in local children. Therefore, 
developing plans for the sustainable consumption and trade of wild meat, within 
safe ecological limits, is one of the most immediate actions needed to protect 
game species, their ecological services and the livelihoods and health of local 
people in tropical forests (Ingram et al. 2015). However, although experiences 
from different tropical forests may enhance the development programmes for 
sustainable use of wildlife and contribute to better decision-making, in-depth 
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studies in targeted areas are essential to develop context-appropriate 
programmes. 
 
1.2 Hunting, consumption and trade of wild meat in the Amazon 
 
 The Amazon is the largest remnant of tropical forest in the world, with 6.7 
million km² distributed across 8 countries in South America (Charity et al. 2016). 
At least 34 million people live in the Amazon, 12 million (35%) of those within 
forests, including over 350 different Indigenous Peoples (Charity et al. 2016), 
who rely largely on wild meat for food (Figure 1). Most of these people live 
within the 3.6 million km² of protected areas and Indigenous Lands. Rural 
consumption rates of wild meat in the Amazon corresponds to c. 1.3 million 
tonnes of meat per year (Nasi et al. 2011), with the per-capita annual 
consumption estimated at between 22 to 525 g/person/year (Ojasti 1996). Wild 
meat provides between 8 and 72% of the protein intake for local people (Sarti et 
al. 2015; Dufour et al. 2016), contributing to local livelihoods and food security 
that may not be easy to achieve with domestic meat in remote areas. 
 Although several inner regions in the Amazon remain inaccessible to 
humans, it is clear that wild meat hunting can adversely affect game species 
populations in this biome if uncontrolled. Parry and Peres (2015) estimated a 
large-scale level of depletion of game species populations in the Brazilian 
Amazon, especially along rivers and near densely populated villages and cities. 
Peres and Palacios (2007) found that 73% of the 30 game species analyzed in 
the Brazilian Amazon showed declines in their population numbers, reaching up 
to 74.8% of reduction in hunted sites compared to less intensively hunted sites. 
However, there is still a lack of information on consumption rates of wild meat in 
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the more remote areas of the Amazon, primarily because studies are mainly 
concentrated near universities and research institutes (Silva 2016), and 
information on the biological and socio-economic drivers of wild meat hunting 
and consumption in Amazonia is still incipient and ambiguous.  
It is clear from most studies that Amazonian hunters usually focus on 
large-sized species (Bodmer 1995; Jerozolimski and Peres 2003). However, it 
is still unclear the role that taste preferences (in terms of flavour) may have in 
the harvest rates of game species, and in shaping wild meat consumption in 
Amazonian communities. In socio-economic terms, Kirkland et al. (2020) 
reported that neither market exposure nor village size had a significant effect on 
harvest rates of wild meat in the rural Peruvian Amazon; in contrast, Nunes et 
al. (2020) found that village size influenced negatively the hunting efficiency in 
rural communities, and Chaves et al. (2017, 2020) found that increased market 
access diminished wild meat consumption in rural areas in the Brazilian 
Amazon. At the household level, Luz et al. (2015) found no effect of the number 
of people and guns per household on the hunting rates or hunting efficiency in 
the Bolivian Amazon, a result supported by Mesquita et al. (2018), who found 
that neither family size nor number of hunters in the household influenced 
hunting rates in the eastern Amazon. Torres et al. (2021) also did not find any 
association between frequency of hunting and wild meat consumption with the 
number of years of formal education of the male head of the household, 
monetary income or asset-wealth. By contrast, Nunes et al. (2020) found that 
family size was negatively correlated with hunting efficiency in western 
Amazonia. These contradictory results reflect the need for additional data and 
knowledge on hunting dynamics in Amazonia and, in order to guide better 
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decision-making, a definition of the cultural and socio-economic factors which 





































Figure 1. A hunter from a remote small-sized local community in central 
Amazonia butchering a lowland tapir (Tapirus terrestris) carcasse, which fed the 
whole community for several days. Credit: Hani R. El Bizri. 
 
Information on the consumption of wild meat in urban centres and the 
mechanisms of the wild meat trade in cities is also lacking. Until recently, urban 
wild meat consumption in Amazonia was regarded as negligible (Rushton et al. 
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2005; Nasi et al. 2011). However, increasing evidence suggests that 
consumption and trade in urbanized Amazonia is more widespread than 
previously thought. The most prominent example is Iquitos, the largest city in 
the Peruvian Amazon and the most well-studied site in terms of urban wild meat 
consumption in the Amazon. In this city, established open-air markets have 
been offering access to meat from wild species for more than 45 years (see 
Castro 1976; Bodmer and Lozano 2001, Mayor et al. 2019).  
 In a recent wide-scale study in the Brazilian Amazon, wild meat from 
approximately over 1.7 million turtles and tortoises was estimated as being 
consumed annually in urban centres in Amazonas state (Chaves et al. 2020). 
Well-established wild meat markets exist in Abaetuba, Brazilian Amazon (Baía-
Júnior et al. 2010), and in the Amazonian tri-frontier (Brazil, Colombia, and 
Peru), where about 473 tonnes of wild meat were estimated as traded annually 
(van Vliet et al. 2014). In addition, Parry et al. (2014) found that c. 80% of 
interviewed households in two cities in southern Brazilian Amazonia regularly 
consume wild meat, while Chaves et al. (2017) reported that in Tapauá city over 
40% of urban households consume wild meat at least once per month. A few 
other studies have assessed the economic and cultural background of urban 
wild meat consumers in Amazonia, and have started to unveil the links between 
rural and urban communities that shape the wild meat trade (Morsello et al. 
2015; Chaves et al. 2017; Chaves et al. 2019). These studies showed that the 
amount of wild meat consumed per capita in urban areas decreased with the 
size of the city, decreased among generations (children consumed less than 
adults), and was higher when the head of the household was a migrant from 
rural areas, but consumption rates declined the longer rural-urban migrants 
lived in urban areas.  
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 Parry and Peres (2015) showed that the consumption of wild meat in 
urban centres can have a far-reaching impact on game species, causing 
depletion halos in hunted animal populations that reach over 100 km from the 
cities. However, since wild meat harvest, consumption and trade are often 
excluded from official national trade statistics, volumes traded and consumed in 
Amazonian cities are not recorded. There is therefore a clear need to improve 
our understanding of wild meat consumption and trade in urban areas at larger 
geographical scales so as to improve decision-making for the management of 
wildlife at the regional and country level. In addition, information about the 
actors involved in, drivers, and operationalization of this trade within the cities is 
still absent.  
 Although access to an adequate living standard, including access to 
enough food and a fair salary that allow living and supporting the family, is a 
human right, wild meat consumption and trade in Amazonian countries usually 
occurs in a legal vacuum since the existing legislation is often inadequate and 
information and management strategies are unclear (van Vliet et al. 2019; 
Antunes et al. 2019). The approach most commonly adopted by authorities is to 
treat hunting, consumption and trade of wild meat as illegal activities that should 
be suppressed, and therefore most strategies proposed to alleviate hunting 
pressure in Amazonia is to substitute wild meat with domestic meat (Rushton et 
al. 2005). However, Nunes et al. (2019) showed that changing consumption of 
wild meat to beef in Amazonia, for instance, would mean that local people 
would have to spend around 90% of their wages alongside converting large 
portions of Amazonian forests into pasture. The negative consequences of this 
conversion would ultimately have a greater impact on wildlife than by allowing 
hunting itself. Moreover, changing people’s behaviour in relation to wild meat 
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consumption is still a major challenge. In an experiment in an Amazonian city, 
Chaves et al. (2019) showed that economic incentives and price reduction of 
chicken increased the consumption of chicken but were not enough to decrease 
wild meat consumption. Therefore, valuing local food systems and guaranteeing 
the sustainability of hunting and trade of wild meat is a better way to legitimize 
local peoples’ rights, make their territories more resilient to adversities and 
uncertainties, and safeguard both game species and the livelihoods of local 
people. 
 Areas occupied and managed by local people in the Amazon are 
important repositories of useful natural resources for these populations but also 
protect these landscapes from deforestation, fires and wildlife crimes (Nepstad 
et al. 2006; Nelson and Chomitz, 2011; Kauano et al. 2017). Despite some 
progress, protected areas are still under constant threat from policy changes, 
large-scale development and economic projects, including hydroelectric power 
plants, mining projects and the expansion of soy and beef supply chains 
throughout the Amazon (Ferreira et al. 2014; Nepstad et al. 2014). Community-
based management is recognized as an effective means to sustainably exploit 
wildlife whilst ensuring governance of territory and natural resources by local 
people. A study of over 11,000 population time-series from almost 3,000 
species used by humans in Africa and the Americas uncovered that although 
these populations tend to decline rapidly, there were several evidence of 
population increases, resulting in species recovery, where harvested species 
were managed (McRae et al. 2020). Examples of adequately managed species 
in Amazonian aquatic environments exist, e.g. the community-based 
management of giant arapaima (Arapaima gigas) and freshwater chelonians 
throughout the Amazon basin (de Freitas et al. 2020). Similar to the aquatic 
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species, co-management approaches can also be applied to terrestrial game 
species (Campos-Silva et al. 2018). Designing effective community-based 
management of wild meat in Amazonia will require a deeper understanding of 
the patterns, drivers and motivations of hunting and an assessment of the 
sustainability of wild meat consumption and trade in rural and urban areas. For 
that purpose, robust ecological and life-history data on wildlife species hunted 
for food is also necessary for the development of models and indicators of 
sustainability of wildlife exploitation. Such information can be used to build 
cases for the sustainable harvest of game species, and used as evidence for 
the implementation and improvement of policies concerning wildlife 
management in Amazonia. 
 
1.3 Sustainability of hunting: the need for better life-history data on game 
species 
   
 
 In the last decades, many studies have aimed to assess the 
sustainability of hunting and the causes of game overexploitation in the tropics. 
These studies employed numerous sustainability models to examine the 
vulnerability of wildlife to hunting (e.g., Fa et al. 2005, Fa et al. 2014, Weinbaum 
et al. 2013). Hunting sustainability models were developed based mostly on 
fisheries experiences and often depend on life-history, demographic, and 
harvest data of the target species. Reproductive parameters of game species 
are key factors in these models because they determine the pace of population 
increase through the calculation of recruitment rates. These rates are ultimately 
used to estimate the likelihood of a species being impacted by harvesting by 




 However, there is little information on the reproductive biology of game 
species, because quantifying reproductive rates in the wild is extremely 
laborious and costly, in particular for tropical forest species (e.g. Sutherland 
2001; Fragoso et al. 2016). For instance, Conde et al. (2019) have shown that 
only 1.3% of tetrapod species have comprehensive information on birth and 
death rates. Most hunting sustainability models have therefore ignored or 
simplified reproductive parameters of game species. Models have primarily 
employed rmax (the intrinsic rate of natural population increase) as a measure of 
reproductive performance of game species. This index is more usually 
calculated using Cole’s Equation (1954):  
 
1 = e-rmax + be-rmax(a) – bermax (w+1) 
 
where a is the age at first reproduction, w is the age at last reproduction, and b 
is the annual birthrate of female offspring. The paucity of data has forced 
researchers to calculate rmax using measures of reproductive performance 
calculated more than 30 years ago mainly using data from captive populations 
(e.g. Robinson and Redford 1986). Several conditions, such as stress, 
availability of resources, and the composition of social groups, may differ 
between wild and captive populations (Goodman 1999; Mayor et al. 2011). 
Therefore, reproductive rates derived from captive populations may consistently 
inflate estimates of production and raise estimates of sustainable exploitation 
(Milner-Gulland and Akçakaya 2001).  
 The lack of reproductive data has also forced researchers to apply 
oversimplified models (Fa et al. 2015b, van Vliet et al. 2015a). For example, the 
‘Production Model’, which relies on rmax and accounts for more than 34% of all 
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hunting sustainability assessments conducted so far, has consistently failed to 
detect unsustainability in situations where it was detected by other models 
(Weinbaum et al. 2013). Another drawback of using oversimplified models is 
that they usually rely on static indexes, ignoring complex animal population 
dynamics, such as age-structure, reproductive seasonality and density-
dependent changes of game species’ reproductive rates and population 
structure over time (Sutherland 2001; Weinbaum et al. 2013). Consequently, 
the sustainability estimations resulting from these models operate under high 
levels of uncertainty (Levi et al. 2009; Ling and Milner-Gulland 2006; van Vliet et 
al. 2015a; Weinbaum et al. 2013). Even though more complex approaches such 
as agent-based models (ABMs) are able to incorporate dynamic reproductive 
aspects of populations, the representation of species’ reproductive parameters 
have been still simplified through the use of classical rmax estimates (see for 
instance Iwamura et al. 2014). 
 Recent studies have shown that increasing the level of stakeholders’ 
participation and local hunters in particular, in data collection can help fill 
knowledge gaps on game species’ reproductive traits (Mayor et al. 2013, 2017). 
Mayor et al. (2017) used numerous genitalia samples donated by local hunters 
to refine estimates of litter size and birth rate, and subsequently to recalculate 
previous rmax values for the top 10 most hunted species in the Peruvian 
Amazon. Dubost and Henry (2017) used genitalia collected by hunters to 
uncover seasonality patterns of reproduction of four hunted terrestrial mammals 
in French Guiana. The use of this approach can therefore be a cost-effective 
way to obtain more accurate reproductive information for use in hunting 
sustainability models. Studies can be developed further by training local people 
to reliably assess and collect the reproductive status of the hunted species by 
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themselves, enabling data collection to occur in places or situations where 
organ collection, e.g., genitalia, is not possible. 
 
1.4 The lowland paca (Cuniculus paca): an appropriate species for 
understanding sustainable hunting 
 
The need to refine our knowledge of life-history traits is more urgent for 
heavily hunted species, since these are likely to be the most impacted but also 
the more important as a source of food and income for humans. Therefore, 
finding adequate model species is of key importance for the testing of data 
collection methods and for which management actions can be put in place. A 
useful model species is the lowland paca (Cuniculus paca), a large-sized 
nocturnal rodent and one of the most hunted game species in the Neotropics 
(Stafford et al. 2017) (Figure 2). Pacas are highly prized for their meat by local 
populations (Deustsch and Puglia 1990), their consumption is notably high in 
the Amazon basin and they are often ranked among the tastiest wild meat by 
hunters (Bodmer 1995; Valsecchi and Amaral 2009). Pacas are also considered 
of great nutritional value, with more protein and less fat than beef and sheep 
meat, and a higher proportion of edible content per individual than other hunted 
species such as the collared peccary (Pecari tajacu), brocket deer (Mazama 
americana) and yellow-footed tortoise (Chelonoidis denticulata) (Gálvez et al. 
1999).  
 Van Vliet et al. (2015b) have revealed that paca meat is present in more 
than 50% of all wild-meat-based meals consumed by children in the Colombian 
Amazon. It was also the most consumed species, accounting for over 50% of all 
events of wild meat consumption in the Eastern Amazon (Torres et al. 2021). In 
a large-scale hunting assessment, Read et al. (2010) showed that the paca is 
the most hunted species by Indigenous communities in the Guyanan Amazon, 
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while Peres (2000) indicated that paca is the second most consumed species in 
the Brazilian Amazon, with an annual consumption rate of 0.81 pacas per 
person, corresponding to 730,886 individuals extracted and 11.35% of the total 
number of mammals harvested yearly. Likewise, paca is also the second most 
hunted species in the Peruvian Amazon (Bodmer and Lozano 2001), totaling an 
annual harvest rate of 17,000 individuals. Pacas are also highly traded in wild 
meat markets, being the top traded animal in the Amazonian tri-frontier (van 
Vliet et al., 2014) and the second most-traded species in the Iquitos and central 
Amazonian markets (Mayor et al., 2019; El Bizri et al. 2020). Given its high 
nutritional value, esteemed flavour, and large consumption and trade rates in 
the Amazon, this species plays an important role in alleviating poverty and 
guaranteeing food security for thousands of Amazonian inhabitants.  
 
 
Figure 2. The lowland paca (Cuniculus paca), a large-sized nocturnal rodent 





 Despite the importance of the lowland paca as a source of food and 
income, the species remains barely studied in the wild, with most life-history 
parameters originating from captive studies (van Vliet and Nasi 2019). The 
implementation of effective management programmes to support local people 
and to protect paca populations is increasingly urgent, hence there is a need for 
refining life-history parameters for the species. The fact that pacas are 
extensively harvested and traded means that large amounts of data can be 
collected through the participation of local actors. The information gathered for 
the species can assist in user communities generate better ways of managing 
the hunting of this animal, and become a model species to be applied to other 
hunted species in Amazonia.  
 
1.5 Thesis structure, aims and objectives 
 
The general aim of this thesis is to investigate patterns of wild meat 
consumption and trade in the Amazon, and to advance ways of gathering and 
refining the collection of in situ life-history information on game species to form 
the basis for promoting wild meat sustainability in this biome. For this purpose, I 
studied the consumption of wild meat in rural and urban areas of the Brazilian 
Amazon, and investigated life-history parameters of a top-hunted species by 
using participatory data collection of biological materials and hunting activity in 
the Brazilian and Peruvian Amazon. This thesis is divided into seven chapters, 
with Chapter 1 presenting the general introduction. All data chapters (Chapters 
2-6) have already been published in scientific journals, and a version of these 
publications are included with the PDF version of this thesis. 
 The objectives of Chapter 2 were to measure consumption and trade 
patterns of wild meat, and assess the social and biological factors that may 
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influence consumption rates, trade, and pricing of wild meat by remote rural 
communities in the Jutaí River basin, in central Amazonia. In this chapter, I 
present novel results of wild meat use in a very remote region of the Amazon. 
The study region is around 100 km from the nearest urban center (Jutaí city), a 
small city with only 17,964 inhabitants. I also unveil the connection and 
operations of wild meat trade, from rural hunters to the city market.  
 The objectives of Chapter 3 were to estimate the amounts of wild meat 
consumed and traded in urban centres in central Amazonia. For this purpose, I 
used more than 1,000 interviews with urban residents in five cities to estimate 
the rates of urban wild meat consumption. I then assessed the effects of socio-
economic indices for these cities to predict amounts of wild meat consumed and 
the revenue generated by wild meat trade in all 62 cities in the central Brazilian 
Amazon, providing the first large-scale assessment of wild meat consumption in 
urban areas of the Amazon. 
 Because of the high representativeness of the lowland paca (Cuniculus 
paca) in the bulk of game species consumed and traded in Amazonia, as 
indicated in Chapters 2 and 3, and from the literature, it was clear that 
information on this species’ life history is essential to improve management 
decisions. In the next three chapters I analyse data on the reproductive biology 
of the lowland paca collected through interviews, participatory hunting 
monitoring and community-based collection of biological materials in three sites 
in Amazonia.  
 The objectives of Chapter 4 were to assess how environmental factors 
affect the reproductive seasonality of lowland pacas, and evaluate the possible 
impacts of seasonal hunting on paca populations. For this purpose, I analyzed 
the genitalia of pregnant females donated voluntarily by local hunters over 15 
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years in two sites in Amazonia to first uncover the association between 
reproductive parameters, fruiting patterns and climate factors. I then described 
the association between harvest and reproductive rates during different periods 
of the year.  
 The objectives of Chapter 5 were to refine the maturity and senescence 
of lowland paca females. For this purpose, I analysed the pregnancy status and 
presence of active cells in ovaries from the same donated genitalia used above, 
and used this information to refine the rmax for the species. These refinements 
also allowed for the discussion of potential effects of using new values of these 
parameters in models assessing sustainable harvest rates of wild lowland paca 
populations. 
The objectives of Chapter 6 were to test the feasibility of a citizen-
science collection of data on pregnancy status data of tropical game species by 
local people. For this purpose, I established the local peoples’ capacity to 
determine the reproductive status of female lowland pacas in three Amazonian 
sites, before and after a period of training, using interviews with pictures of 
collected genitalia. I used these results to correct the pregnancy rates estimated 
for the species from data collected by local people on hunted specimens’ 
reproductive status over a 17-year period (2002-2018) in one study site. With 
those data, I determined the relationship between pregnancy rates of lowland 
pacas with hunting indices (capture-per-unit-effort and age-structure) to 
describe the effects of hunting on the studied game populations. 
 In the last chapter of the thesis, Chapter 7, I summarise the main results 
and contributions of this thesis, emphasizing the novel aspects of this work for 
the general understanding and progress towards the sustainable use of wild 
meat use in Amazonia, and discuss how my work is situated in a wider context 
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of wild meat research in the biome, and some opportunities for future research 
on this topic. 
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2.1 Abstract 
 Wild animals are an important source of food and income throughout the 
Amazon basin, particularly for forest-dependent communities living in the more 
remote regions. Through interviews in 51 households within 16 communities in 
the Jutaí River Extractive Reserve, Amazonas, Brazil, we determined animal 
taxa consumed and frequency of wild meat consumption, as well as patterns of 
wild meat trade. We then investigated the influence of social and biological 
factors on wild meat consumption and trade. People declared consuming wild 
meat on an average of 3.2 ± 2.8 days/month/household, amounting to 198.85 
kg/month consumed by all sampled households. The vast majority of 
respondents got wild meat by hunting themselves or it was given to them by 
their neighbors. The most consumed taxa were paca (Cuniculus paca) and 
collared peccary (Pecari tajacu). Approximately two-thirds of respondents 
declared selling wild meat; meat destined for urban markets was more 
expensive and was primarily sold from houses of relatives living in the city. Wild 
 
40 
meat consumption was determined by taste preferences, while prices were 
related to the body mass of the taxa concerned. Frequency of wild meat 
consumption and the probability of selling wild meat were positively associated 
with the number of hunters in the household. We highlight the importance of 
wild meat for remote communities and importantly, the prominent links these 
communities have with urban markets. These findings are useful in developing 
strategies to ensure the sustainable use of wildlife in the Amazon.  
 
2.2. Introduction 
In tropical forested regions throughout the world, increasing human 
populations, better access to previously unhunted areas, and improvements in 
hunting technologies have intensified pressures on wildlife and habitats (Coad 
et al. 2019). In addition, the integration of local people into the wider market 
economy in the recent decades has driven the switching of hunting for home 
consumption to trading and fulfilling city markets’ demands for wild meat, 
exacerbating wildlife harvest in the tropics (Ripple et al. 2016; Benítez-López et 
al. 2017). In this context, understanding the livelihood, economic, and cultural 
values of wild meat (here considered as any wild vertebrate animal used for 
food, excluding fish) and the drivers of hunting and trade in tropical forests is 
fundamental to develop strategies for the conservation of game species and to 
guarantee food sovereignty of local people (Coad et al. 2019).  
In the Amazon basin—a region that encompasses c. 4,982,000 km² of 
tropical forests shared by eight countries in South America—wild meat 
represents important sources of food and income for many forest peoples (Sarti 
et al. 2015), especially where meat from domestic animals is scarce or 
expensive (Nunes et al. 2019a). Together with manioc (Manihot esculenta) flour 
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and fish, wild meat comprises one of the main components of the diet of rural 
and Indigenous communities in the Amazon (Adams et al. 2009). In the 
Brazilian Amazon alone, according to Peres (2000), as many as 23.5 million 
game vertebrates are hunted for subsistence yearly by rural and Indigenous 
communities.  
As well as consuming wild meat, hunters also sell part of their quarry to 
nearby communities or in urban centers to complement their income and to 
enable them to purchase urban goods such as salt, oil, and clothes (Antunes et 
al. 2019; Morcatty and Valsecchi 2015). The trade in wild meat in Amazonia 
occurs within and between rural communities and in urban areas (van Vliet et 
al. 2015a,b; Chaves et al. 2019). Rural communities and urban centers are 
connected especially by 1) the typical multi-sited household organization, i.e., a 
network among relatives that connects different localities, with community-
based or commercial boats carrying people and goods between localities 
(Padoch et al. 2008; Chaves et al. 2019); and 2) the riverine trader, or “patron,” 
who acts as an intermediary in commercial relationships, traveling between 
urban centers and rural communities selling industrialized products and buying 
forest products, such as manioc flour, fish, and wild meat (Lima 2009). Although 
households in rural communities regularly exchange fish and wild meat as part 
of a local reciprocity system (Lima 2009), recent studies show that trade in wild 
meat also occurs within and between communities (Morcatty and Valsecchi 
2015). 
Differences in market connectivity, type of habitat, as well as the cultural 
background of communities, are known to influence patterns of wild meat 
consumption and trade (Chaves et al. 2019; Morcatty and Valsecchi 2015; van 
Vliet and Nasi 2008). However, there is still a lack of knowledge of potential 
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drivers of wild meat use in more isolated Amazonian communities. For instance, 
people’s willingness to engage in conservation and land use management 
depends on their place attachment and how they identify with their surroundings 
(Walker and Ryan 2008). These bonds are strongly influenced by people’s time 
of residence in an area (Hernández et al. 2007). Although to our knowledge 
never tested for wildlife exploitation, hunting pressure and frequency of trade in 
Amazonian communities may differ between long-standing inhabitants and 
newcomers.  
Cooperation among hunters is likely to increase hunting yields (Alvard 
and Nolin 2002); however, it is unclear whether a larger number of related 
hunters within a household can increase hunting and trade rates. Additionally, 
although abundance and body mass influence the species hunters pursue 
(Peres 2000), there is little data available on how taste preferences affect 
hunting choice and consumption of game species.  
Determining patterns and correlates of wild meat consumption and trade 
among remote Amazonian communities will allow a more accurate 
understanding of the use of wildlife resources in the region, and to foster more 
effective strategies for the sustainable use of Amazonian fauna (Levi et al. 
2009). In this study, we measured consumption and trade patterns of wild meat 
within remote rural communities in the Jutaí River basin, in central Amazonia. 
We also assessed the social and biological factors that may influence the 




2.3 Materials and Methods 
2.3.1 Study area and cultural context 
This study was conducted in the Jutaí River Extractive Reserve, in the 
Jutaí River basin, between the Jutaí and Riozinho Rivers (Figure 1). The Jutaí 
River Extractive Reserve is 2755 km², mainly covered by upland forests, 
although other vegetation types occur to a lesser extent (e.g., white-water and 
black-water flooded forests). Annual precipitation in the reserve averages 883 
mm per month in the rainy season (December–March) and 665 mm per month 
in the dry season (June–September). A total of 1221 riverine people, distributed 
among 223 families within 24 communities (11 on the Jutaí River and 13 on the 
Riozinho River), live in the Jutaí River Extractive Reserve (ICMBio 2011). The 
city of Jutaí, with 17,964 inhabitants, is the closest urban center from the Jutaí 
River Extractive Reserve, 75– 200 km (92.2 ± 54.7 km) from the sampled 
communities by river. 
Extractive reserves are a category of protected areas defined by 
Brazilian environmental law (Law No. 9985/2000) as a “sustainable use 
conservation unit,” meaning that local populations living within it are allowed to 
use natural resources. In the past, extractive families lived scattered along 
Amazon rivers working in rubber tapping. During the 1970s, the Catholic Church 
brought together extractive families into organized communities (Lima and 
Peralta 2017). With the support of the progressive branch of the regional 
Catholic Church, community dwellers in the Jutaí River created the Jutaí River 
Extractive Reserve in 2002. Inhabitants of the Jutaí River Extractive Reserve 
call themselves extrativistas (extractive people), meaning that they are non-
Indigenous people, descendants of Amazonia’s colonial history (Lima 2009). 
They are better referred to as “agro-extractive,” given their engagement in 
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agriculture, fishing, hunting, logging, and other extractive activities (Fraser et al. 
2018). 
Figure 1. A map showing the location of the Jutaí River Extractive Reserve, 
central Amazonia, and the 16 sampled communities settled on the Jutaí and 
Riozinho Rivers. 
 
2.3.2 Data collection 
We interviewed household heads of a total of 51 different families in 16 
Jutaí River Extractive Reserve communities from June 9–19, 2014. Within each 
community, we selected households in which the head was available for 
interview (i.e., not occupied with other activities). We were able to interview at 
least one household from each community (average: 3.2 ± 2.8 
households/community).  
We used a standardized, semi-structured questionnaire to ask 
interviewees the following questions: 1) background information: age of the 
interviewee, number of residents in the household, number of hunters in the 
household, whether the household head was born in the community (yes/no, 
hereafter origin), and residency time in the community (in years); and 2) wild 
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meat consumption and trade patterns: frequency of eating wild meat (in days 
per month), how wild meat is obtained (i.e., hunting, buying, earning as a gift, or 
exchanged with other products), the most consumed (open question) and the 
three most preferred (in terms of meat flavor) taxa, whether wild meat is sold by 
the household (yes/no), and if sold, where (city or their own/neighboring 
communities) and what taxa are sold, the sale unit (i.e., entire specimen or in 
kg), and price it sells for.  
Participants were familiarized with our consultation process, as well as 
the aims of the study prior to the interview. We held a joint meeting with all 
available residents in each community at the time of the visit, during which we 
presented the aims of our visit and interviews. We also clarified that 
respondents were free to participate in the study and to leave the study at any 
time, and that they were free to refrain from responding to questions they were 
uncomfortable to answer. All visited households agreed to participate. 
Interviewees were provided with an Informed Consent Form detailing the project 
aims and guaranteeing that their identities would remain anonymous. The data 
collection protocol was approved by the Committee on Research Ethics of the 
Mamirauá Sustainable Development Institute (Protocol #001-2011). 
 
2.3.3 Data analysis 
We used descriptive statistics to describe the frequency of consumption 
of wild meat, the means by which wild meat is obtained, most consumed and 
preferred taxa, and the number of people selling wild meat along with prices. 
The global threat status of the consumed taxa was classified according to the 
International Union for Conservation of Nature (IUCN) Red List threat 
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categories (IUCN 2019). If local names provided by informants did not allow us 
to unequivocally catalog the species, we used genus or family.  
The amount of wild meat consumed monthly per household was 
estimated using the following formula (see El Bizri et al. 2020):  
 
B = 0.18 Fc*Npeople                
 
where B is the wild meat biomass consumed; 0.18 is a working value of grams 
of wild meat consumed per person, per day on which wild meat was eaten 
(obtained from a study of 13 Indigenous communities [Ojasti 1996]); Fc is the 
declared monthly frequency of wild meat consumption in the household; and 
Npeople is the number of people living in the household. The overall monthly 
biomass consumed in the 51 households was calculated by summing the 
values for all informants. For those informants who did not declare their 
frequency of consumption (n = 8 or 15.7% of the total number of informants), 
we applied the average Fc for all informants. We estimated the amount of meat 
consumed of each taxon by using the percentage citations of the taxon of the 
overall biomass (B). The number of individuals consumed was estimated by 
dividing the biomass consumed of each taxon by the body mass of eviscerated 
specimens for the taxon (see García et al. 2004; El Bizri et al. 2020).  
We used Generalized Additive Models for Location, Scale, and Shape 
(GAMLSS) to test the effects of social and biological factors on consumption 
and trade patterns of wild meat. Firstly, we tested whether the frequency of 
consumption and the probability of selling wild meat varied with the residence 
time in the community (calculated as percentage of the number of years the 
interviewees declared they had lived in the community divided by their age), 
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and the number of people and hunters in the household. We then assessed 
whether the percentage citations of consumed taxa were related to the 
percentage citations of preferred taxa, as well as the effect of the size of the 
taxa (body mass) on percentage citations. In addition, we built a model to test 
whether the price per taxon is related to their body mass and to the locality 
where sold (whether urban centers or within/among communities), using taxa as 
a random effect due to differences in the number of citations among them. Body 
mass of all mentioned taxa was obtained from García et al. (2004) and from 
Robinson and Redford (1986). Prices per taxon were calculated in USD/kg; 
when the sale unit was the entire specimen, we divided the price by the 
eviscerated body mass of the species or taxon (García et al. 2004). We 
adjusted for inflation and converted the selling price for each taxon by 
employing the exchange rate for June 15, 2014 to convert Brazilian reals (R$) 
into US dollars (R$ 2.24 = 1.00 USD), based on the General Price Index for 
Brazil estimated by the Getúlio Vargas Foundation 
(http://www14.fgv.br/fgvdados20/default.aspx).  
To build the models, we tested combinations of predictor variables in 
linear or non-linear relationships using different distribution families. Firstly, we 
checked for collinearity among variables. Since the number of people was 
positively correlated with the number of hunters in the household (Spearman R 
= 0.66), these variables were never included in the same models, but tested 
separately. Final models were selected based on the Akaike Information 
Criterion (AIC), considering all models with good support as those with ΔAIC 
values smaller than two in relation to the model with the smallest AIC. In cases 
when more than one model was best fitted, we selected the model with the 
smallest number of parameters (simplest model). 
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We used R 3.3.3 software and gamlss R-package for generalized 
additive models, and GGally R-package for the collinearity test. For the 
variables’ effects, we assumed significance when p < 0.05. 
2.4 Results 
2.4.1 Wild meat consumption patterns  
Households were occupied by seven people on average, and the number 
of hunters in households ranged from none to six people (Table 1). The majority 
of the respondents were born outside of the sampled communities. All 
interviewees confirmed that they ate wild meat, with the vast majority of 
respondents getting wild meat by hunting themselves or receiving it from their 
neighbors (Table 1). Buying wild meat or exchanging it for other products 
occurred less frequently (Table 1). Those who exchanged products for wild 
meat did so for sugar, kitchen oil, soap, petrol, flour, or bananas.  
People declared consuming wild meat on an average of 3.2 ± 2.8 
days/month/household, resulting in a total of 198.85 kg of wild meat consumed 
per month by all surveyed households. The declared frequency of wild meat 
consumption was positively correlated with the number of hunters within the 
household (Table 2; Figure 2). However, there was no relationship between the 
number of persons occupying the household or with the percentage time of 
residency in the community and the frequency of wild meat consumption (Table 
2; Figure 2). This suggests that the origin of the family (whether born in the 
community or not) does not influence wild meat consumption, and that the 
number of hunters in the household is more important to define wild meat 
consumption rates than the amount of people in a family depending on these 




Table 1. Details on the households interviewed and their patterns of 
consumption and trade of wild meat in the Jutaí River basin. 
Characterization of households 
and patterns of trade and 
consumption of wild meat 
Average SD 
N of inhabitants 7.0 3.5 
N of hunters 1.4 1.0 
Frequency of wild meat consumption 
(days/month) 
3.2 2.8 








Origin of the respondents   
Born in the sampled community 11 21.6 
Born out of the sampled community 38 74.5 
Not declared 2 3.9 
Origin of the wild meat consumed 
  
Hunted 38 86.4 
Received from neighbors 34 77.3 
Bought from neighbors  23 52.3 
Exchanged for products 12 27.3 
Destination of the wild meat sold   
Jutaí city 20 69.0 
Neighbors or nearby communities  7 24.1 
















Table 2. Details of the best-fit generalized additive models for location, scale and 
shape (GAMLSS) for the frequency of consumption of wild meat, percentage of 
consumption per taxon, probability of selling wild meat and prices applied 
according to a number of social and biological predictor variables on the Jutaí 
River basin, central Amazonia. Smoothers were fitted using cubic splines (cs) 
and p-splines (pb). ΔAIC null is the difference between the AIC of the selected 
model and the AIC of the null model. Families of distribution: EXP = Exponential; 
ZAGA = Zero-adjusted Gamma; BI = Binomial; BCTo = Box-Cox-t original. 
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Figure 2. Relationship between the frequency of consumption of wild meat and 
the number of hunters living in the household on the Jutaí River. Gray shaded 
area represents the 95% confidence interval. The points are normalized 
residuals plotted on a log-transformed (ln) y-axis. 
 
2.4.2 Most consumed and preferred taxa 
Sixteen taxa were mentioned by interviewees in a total of 140 citations of 
the most consumed wild meat. Mammals were the most cited group, followed 
by birds and chelonians (Table 3). Six taxa, namely paca (Cuniculus paca), 
collared peccary (Pecari tajacu), Razor-billed Curassow (Mitu tuberosum), 
Juruá red howler monkey (Alouatta juara), white-lipped peccary (Tayassu 
pecari), and tapir (Tapirus terrestris) represented 78.6% of all citations. Overall, 
an estimated 47 individuals of all taxa were consumed monthly by the 51 
households, the most common being curassows and paca. Among the cited 
taxa for which it was possible to identify the species (n = 14), at a global level, 
six (42.9% of the taxa) are currently threatened with extinction (Table 3). 
 
52 
However, in terms of individuals consumed, threatened taxa represented only 
9.8% (n = 4.4 individuals). 
As many as 17 different species were cited 117 times as preferred 
species by the interviewees. Mammals were the most representative group, 
followed by chelonians, and then birds (Table 3). The top five most preferred 
taxa were the yellow-spotted river turtle (Podocnemis unifilis), curassows, white-
lipped peccary, tapir, and paca, together comprising 75.2% of all citations. The 
percentage number of citations for consumption of each taxon was positively 
correlated with the percentage number of citations for preference (Table 2; 














Figure 3. Relationship between the percentages of wild meat consumption per 
species according to the percentage of preference of meat flavor of the species 
on the Jutaí River. Gray shaded area represents the 95% confidence interval. 




Table 3. Details of game taxa cited by 51 households of 16 local communities 
within the Jutaí River Extractive Reserve, central Amazonia, with their gross body 
mass, net body mass after evisceration, conservation status, percentage of 
citations as consumed and preferred, and wild meat biomass and number of 
individuals estimated to be consumed monthly. Taxa names are ordered 




























Lowland paca (Cuniculus paca) 8 6 LC 35 (25.0) 11 (9.4) 49.71 8.29 
Collared peccary (Pecari tajacu) 25 13 LC 25 (17.9) 9 (7.7) 35.51 2.73 
Razor-bulled curassow (Mitu 
tuberosum) 3 2.2 LC 20 (14.3) 21 (17.9) 28.41 12.91 
Red howler monkey (Alouatta 
juara) 6 4 LC 11 (7.9) 0 (0) 15.62 3.91 
White-lipped peccary (Tayassu 
pecari) 35 20 VU 10 (7.1) 19 (16.2) 14.20 0.71 
South American tapir (Tapirus 
terrestris) 140 90 VU 9 (6.4) 14 (12.0) 12.78 0.14 
Black agouti (Dasyprocta 
fuliginosa) 5 2 LC 7 (5.0) 2 (1.7) 9.94 4.97 
Muscovy duck (Cairina 
moschata) 3 2 LC 6 (4.3) 2 (1.7) 8.52 4.26 
Yellow-spotted river turtle 
(Podocnemis unifilis) 8 3.5 VU 5 (3.6) 23 (19.7) 7.10 2.03 
Brocket deer (Mazama spp.) 18.5 12.5 - 4 (2.9) 6 (5.1) 5.68 0.45 
Spix's guan (Penelope jacquacu) 2 1.2 LC 2 (1.4) 1 (0.9) 2.84 2.37 
Silvery woolly monkey (Lagothrix 
poeppigii) 11 8 VU 2 (1.4) 1 (0.9) 2.84 0.36 
Maguari stork (Ciconia maguari) 4 2 LC 1 (0.7) 0 (0) 1.42 0.71 
Six-tubercled river turtle 
(Podocnemis sextuberculata) 3 1.5 VU 1 (0.7) 0 (0) 1.42 0.95 
Black-faced black spider monkey 
(Ateles chamek) 9 6.5 VU 1 (0.7) 1 (0.9) 1.42 0.22 
Tinamous (Family Tinamidae) 1 0.6 - 1 (0.7) 0 (0) 1.42 2.37 
South American Giant river turtle 
(Podocnemis expansa) 40 18 LC/CD 0 (0) 2 (1.7) 0.00 0.00 
Bald uakari (Cacajao calvus) 3.2 2 VU 0 (0) 1 (0.9) 0.00 0.00 
Amazonian manatee (Trichechus 
inunguis) 400 256 VU 0 (0) 2 (1.7) 0.00 0.00 
Yellow-footed tortoise 
(Chelonoidis denticulatus) 8 3 VU 0 (0) 1 (0.9) 0.00 0.00 
Big-headed Amazon river turtle 
(Peltocephalus dumerilianus) 17 6.8 VU 0 (0) 1 (0.9) 0.00 0.00 
Total - - - 140 (100) 117 (100) 198.85 47.37 
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2.4.3 Trade in wild meat  
Regarding the trade of wild meat, from the 48 interviewees that 
responded to these questions, 30 (62.5%) declared selling wild meat. The trade 
in wild meat on the Jutaí River basin occurs between neighbors or nearby 
communities and in the Jutaí city, but most people declared selling exclusively 
in the city (Table 1). For those selling in the city, most declared selling in only 
one single place within the city (n = 11), five interviewees declared selling wild 
meat in two places, five others in three places, and one in four places. Localities 
where wild meat was sold in urban centers were in most cases houses of 
relatives in the city (n = 14), followed by direct trade at the Jutaí city quay (n = 
9), to intermediaries (n = 7), delivered directly to peoples’ houses who pre-order 
wild meat (n = 7), or directly to consumers in local fairs (n = 3). Similar to the 
results for the frequency of wild meat consumption, the probability of selling wild 
meat increased with the number of hunters in the household; households with 
more than three hunters had ~100% of probability of selling wild meat (Figure 
4). However, this probability was not related to the number of people in the 
household nor with the time of residency in the community. 
Wild meat was sold at an average price of 5.6 ± 4.2 USD/kg (6.0 ± 4.4 
USD/kg in cities and 4.6 ± 3.5 USD/kg in the communities). Fifteen taxa were 
recorded as sold; the number of taxa sold in the city being greater than in the 
communities (14 [n = 134 citations] vs. 10 [n = 69 citations] taxa) (Table 4). The 
yellow-spotted river turtle was the most cited species sold in the city, while the 
tapir was the most cited species traded between neighbors and with nearby 
communities. The most expensive taxa were the yellow-spotted river turtle and 
the curassow, independent of their sale destination (Table 4). Price per kg was 
higher in the city than in the communities, and a U-shaped trend pattern 
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described the relationship between prices and gross body mass of the sold taxa 












Figure 4. Probability of people selling wild meat on the Jutaí River according to 
the number of hunters living in the household. Gray shaded area represents the 
95% confidence interval. 
Figure 5. Price of wild meat (in USD/kg) on the Jutaí River according to (A) 
destination of the product (whether bounded to urban markets or traded within 
and between rural communities) and (B) body mass of the species. Gray 
shaded area represents the 95% confidence interval. The points are normalized 
residuals plotted on a log-transformed (ln) y-axis. 
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Table 4. Details of game species cited as sold and the prices applied in the city 
and within/between rural communities on the Jutaí River basin, central Amazonia. 




Our results show that the use of wild meat as food and income in the 
Jutaí River basin is widespread, and most wild meat was obtained directly by 
hunters in the families. Amazonian communities further away from urban 
markets are known to consume larger amounts of wild meat than those having 
access to other meats in closer city markets (Chaves et al. 2017). Given that 
Taxa 
N of citations 
as sold in the 
city (%) 
N of citations as 
sold in the 
communities (%) 
Price in the 
city (USD/kg ± 
SD) 




Lowland paca (Cuniculus paca) 29 (21.6) 10 (14.5) 2.77 (0.63) 2.85 (1.32) 
Yellow-spotted river turtle (Podocnemis 
unifilis) 
30 (22.4) 6 (8.7) 13.84 (4.84) 9.14 (2.73) 
White-lipped peccary (Tayassu pecari) 20 (14.9) 15 (21.7) 3.58 (0.68) 2.84 (0.61) 
South American tapir (Tapirus terrestris) 14 (10.4) 18 (26.1) 3.54 (0.55) 2.77 (0.45) 
Collared peccary (Pecari tajacu) 11 (8.2) 10 (14.5) 3.35 (0.67) 2.57 (0.66) 
Brocket deer (Mazama spp.) 3 (2.2) 4 (5.8) 2.9 (1.02) 2.68 (0.48) 
Yellow-footed tortoise (Chelonoidis 
denticulatus) 
5 (3.7) 1 (1.4) 5.21 (1.66) 3.72 (0) 
Razor-billed curassow (Mitu tuberosum) 4 (3.0) 2 (2.9) 14.79 (4.21) 12.83 (0.79) 
South American Giant river turtle 
(Podocnemis expansa) 
6 (4.5) 0 (0) 11.57 (4.41) - 
Big-headed Amazon river turtle 
(Peltocephalus dumerilianus) 
3 (2.2) 2 (2.9) 4.71 (1.24) 4.1 (1.16) 
Six-tubercled river turtle (Podocnemis 
sextuberculata) 
5 (3.7) 0 (0) 4.85 (3.41) - 
Caimans (Family Alligatoridae) 2 (1.5) 0 (0) 1.12 (0) - 
Black agouti (Dasyprocta fuliginosa) 0 (0) 1 (1.4) - 2.23 (0) 
Red howler monkey (Allouata juara) 1 (0.7) 0 (0) 3.28 (0) - 
Amazonian manatee (Trichechus inunguis) 1 (0.7) 0 (0) 8.93 (0) - 
Total/Average 134 (100) 69 (100) 6.03 ± 4.40 4.57 ± 3.53 
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the communities in the Jutaí River basin are around 92 km from the nearest 
urban center, where markets selling domestic meats are found, and are not 
culturally used to raise domestic animals, access to urban goods, especially 
domestic meats, is limited. Although we did not quantify this, according to 
informal reports, inhabitants of the Jutaí River basin travel to the city only once 
every two to three months. Thus, reliance on timber and non-timber forest 
products is the norm. In addition, the lack of access to reliable electricity supply 
still does not permit Jutaí River basin inhabitants to refrigerate domestic meat or 
perishable foods for long periods.  
A high proportion of respondents received wild meat as gifts from 
neighbors. This is not unusual in many rural and traditional societies, reinforcing 
social bonds and improving food security among closely related people and 
relatives (see Gurven 2004). In Amazonian communities, there is a term called 
vizinhar that means sharing products with the neighbors, which is frequently 
used as reference for sharing wild meat (Lima 2009). The rules about vizinhar, 
such as which part or amount of the animal should be donated and to whom 
they should be donated, vary widely among societies (Almeida et al. 2002). For 
example, in Riozinho da Liberdade Extractive Reserve, in the Brazilian Amazon, 
half of all hunted wild meat was given to other village members (Nunes et al. 
2019b). In the Ipaú-Anilzinho Extractive Reserve, also in the Brazilian Amazon, 
the killed animal is divided among the hunters that participated in the hunting 
event, but the hunter who shot it has preference over certain parts (Figueiredo 
and Barros 2016). 
Wild meat was traded within and between our study communities. Buying 
wild meat from neighbors eliminates long periods spent hunting, time that can 
be dedicated to other income-generating activities, e.g., farming and fishing. In 
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addition, when some communities purchase wild meat from others, it may 
actually alleviate pressure on game populations in their hunting zones. For wild 
meat traders, selling the product locally also requires lower investment in 
transport and meat preservation. Comparative information on the trade of wild 
meat within and between rural communities in the Amazon and other parts of 
the tropics is still scarce. However, some studies indicate that the amounts of 
wild meat sold inside communities can vary significantly. For instance, Coad et 
al. (2010) estimated that 18.5% of the overall wild meat offtake in a community 
in Gabon was sold within it. In another example, Morcatty and Valsecchi (2015) 
found that 31.4% of tortoises hunted in a community in Amazonia were sold 
within or between neighboring communities.  
Van Vliet et al. (2015a) showed that some Amazonian urban hunters may 
supply urban markets with wild meat directly, but our study revealed that more 
than half of the interviewees living in rural areas of the Jutaí River basin sold 
wild meat exclusively to urban centers. This corroborates data from the 
Peruvian Amazon, which show that 6.5% of the total harvest in rural areas is 
sold in cities (Bodmer and Lozano 2001). In Amazonian cities, wild meat is 
commonly traded within local fairs but can also be sold from the hunters’ or 
intermediaries’ houses, in the streets, and at docks (Chaves et al. 2019; El Bizri 
et al. 2020). We showed the importance of hunters having links with people 
living in the city, since most interviewees declared that wild meat was sold from 
relatives’ houses. This may be a means of avoiding detection and prosecution 
for selling wild meat. In other cities, strategies for selling wild meat differ in 
response to law enforcement and surveillance intensity by the authorities. For 
instance, in the Amazon tri-frontier region between Colombia-Brazil-Peru, 
hunters already use cell phones to inform their clients about the availability of 
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wild meat and sell the product directly to their consumers, thus avoiding 
potential controls (van Vliet et al. 2015b). These strategies are so far effective, 
since information on wild meat trade in cities in Brazilian Amazonia indicates a 
lucrative wild meat market that, despite being forbidden by law in the country 
(Law No. 5197/1967), is worth over 35 million USD annually (El Bizri et al. 
2020). 
One important finding in our study was that the more hunters there were 
in a household, the higher the household frequency of consumption and amount 
of wild meat sold was. Cooperation among hunters, often close relatives (e.g., 
Alvard 2003), led to higher hunting success and return rates (e.g., Hitchcock et 
al. 1996; Alvard and Nolin 2002). In particular, more hunters in the household 
also means that large-sized species, such as peccaries and tapirs, which 
usually require several hunters, can be hunted. In addition, more hunters in a 
household may mean that the likelihood that at least one household member 
has ties to outside markets increases. It will likely also lead to increased skills 
and knowledge sharing about hunting, including those related to pathways and 
mechanisms for the sale of wild meat, enabling the persistence of the wild meat 
trade as a culturally acceptable practice in the region.  
Since percentage citations of consumed taxa was related to the citations 
of favored taxa, this suggests that local perceptions on species’ flavor is likely to 
play a crucial role in determining diet breadth in the Jutaí River basin (e.g., 
Renoux and de Thoisy 2016). For some groups, such as chelonians, however, 
they may be consumed less frequently despite being highly preferred. 
Chelonians are highly valued, appearing among the top hunted species 
throughout the Amazon (Peres 2000; Chaves et al. 2019; El Bizri et al. 2020), 
but their capture is highly seasonal and most of the yield is frequently traded 
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instead of consumed (Pantoja-Lima et al. 2014; Morcatty and Valsecchi 2015). 
In addition, Amazonian freshwater turtles have historically been used since the 
eighteenth century as a food resource and to produce oil for cooking and 
lighting (Casal et al. 2013), leading to a severe decline in their populations 
(Smith 1979; Johns 1987). Therefore, the disproportionate percentage of 
citations of chelonians as consumed (only 4.3%), in comparison to the 
percentage citations of preference (23.1%), in this study may also reflect 
depletion in chelonian populations in the Jutaí River basin. 
The relationship between price and taxa body mass was very similar to 
that found by El Bizri et al. (2020) for species sold in urban markets, reflecting 
that, when pricing species, hunters take into account a balance between prey 
profitability and yield (Rowcliffe et al. 2004). Smaller species are generally more 
abundant and easier to capture but are sold at a higher price per kilo because 
they yield less meat. Conversely, large-bodied species, such as the manatee 
(Trichechus inunguis), although more profitable in terms of meat obtained, are 
less abundant and difficult to capture, explaining the U-shaped curve in this 
relationship. Wild meat was less expensive when sold within rural communities 
than in urban centers. The same difference in prices between urban and rural 
sectors was observed by Morcatty and Valsecchi (2015) for the trade in yellow-
footed tortoise (Chelonoidis denticulatus) meat in central Amazonia. However, 
the observed prices increased only by 24% from rural communities to urban 
centers, which probably reflects an additional amount to cover travel costs. 
Considering that urban inhabitants generally have a higher income and greater 
purchasing power than inhabitants from rural and weakly-monetized 
communities, the small difference in price might indicate that the wild meat in 
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the Jutaí city is not a luxury item, i.e., only accessed by the wealthier class, as 
suggested for African cities (e.g., Fa et al. 2009).  
Our results show that wild meat still plays a crucial role in societies that 
are considerably isolated from urban centers on the Jutaí River basin in central 
Amazonia, being used to guarantee both the subsistence and the economy of 
local people. A number of social and biological factors seems to be related to 
the consumption and trade of wild meat in the region, especially the number of 
hunters in the household, taste preferences, and species’ body mass, and 
should be considered for designing any conservation strategy. Therefore, once 
we understand the livelihood, economic, and cultural value of wild meat 
consumption, it is possible to develop management programs that consider 
local peoples’ needs and enhance the sustainable use of wild species. 
Rushton et al. (2005) argued that, in rural areas of South America, wild 
meat could potentially be substituted by domestic meat, especially in Brazil, 
where there are high rates of livestock production, ultimately reducing the 
impacts of hunting. However, a complete transition from eating wild meat to 
exclusively eating beef in Amazonia would require the spending of around 90% 
of the total wages of local people and the conversion of large portions of 
Amazonian forests into pasture (Nunes et al. 2019a). Game species represent 
culturally important elements for Amazonian people, meaning that the depletion 
of their populations would affect not just their food security but erode the 
traditional knowledge and practices related to these animals (Tavares de 
Freitas et al. 2019). Therefore, considering the high level of isolation and 
dependence on wild meat of communities living in the Jutaí River basin, 
strategies for sustainably managing wildlife for consumption seems to be a 
better option than substituting wild meat for domestic meat. The largest-scale 
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wildlife conservation program in the Brazilian Amazon is currently focused on 
river turtles, and for 30 years, this community-based program has been 
protecting river turtles’ nesting beaches, guaranteeing an increase in the 
recruitment rate and subsequent population growth for the most historically 
depleted species, without banning egg consumption by local people (Eisemberg 
et al. 2019). Since 2007, Jutaí River Extractive Reserve is part of this program, 
supported by the governmental environmental agency, where the inhabitants 
released more than 10,000 freshwater turtle hatchlings in 2010 alone, helping to 
recover these species while guaranteeing the sustenance of local people 
(ICMBio 2011). 
In terms of wild meat trade, a long history of extractive production to the 
market, under a debt-peonage system called aviamento, shaped the patterns of 
natural resource management and commerce in the Amazon (Almeida 2002; 
Lima 2009). After the decline of the Amazon rubber production, the domestic 
and international trade in animal hides replaced it (Antunes et al. 2016). 
However, during the 1960s, with the advent of the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora (CITES), trade has been 
more tightly regulated. More recently, the boom and growth of urban 
agglomerations and intensive migration from rural areas to urban centers 
increased the demand for wildlife products in Amazonian cities. 
There is a consensus that commercial hunting for trade is more impactful 
to animal populations than subsistence hunting (Coad et al. 2019), but the 
current prohibition on wildlife commerce in the Amazon has been driving the 
establishment of hidden markets that hampers control. In urban areas, the 
replacement of the wild meat with domestic meat at a more affordable price is 
usually recommended (Rushton et al. 2005), but this strategy has been shown 
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to be ineffective. For instance, a previous experiment conducted in an 
Amazonian city showed that access to discount coupons to buy chicken had not 
dissuaded people from consuming wild meat (Chaves et al. 2017). Instead, 
social marketing with information campaigns and community engagement on 
activities related to the reduction of wild meat consumption were more effective 
strategies (Chaves et al. 2017). We argue that this could be applied in the city 
of Jutaí and other Amazonian cities to reduce the demand for wild meat.  
Experiences of wildlife management prove that community-based efforts, 
if appropriately implemented, provide an effective way to manage natural 
resources, especially where law enforcement is ineffective (Tavares de Freitas 
et al. 2019). Our results showed that households with three or more hunters 
were guaranteed to sell wild meat, so trade is an important source of income for 
those families. Therefore, regulating wild meat trade and bringing it into the 
formal economy instead of banning it could improve rural livelihoods, while 
maintaining the cultural importance of hunting for local people. A major example 
of this is the community-based management of the giant arapaima fish 
(Arapaima gigas) in the Amazon, which allowed the sustainable commercial 
exploitation of the species along with the recovery of its previously 
overharvested populations (Tavares de Freitas et al. 2019). Our results showed 
that most of the species consumed and traded by local people in the Jutaí River 
basin are not listed as threatened with extinction on the IUCN Red List. 
Therefore, this system could be applied for hunted game species that are more 
resilient, which are also generally more demanded by urban people, such as the 
paca (Cuniculus paca) and the collared peccary (Pecari tajacu) (El Bizri et al. 
2020). A key first step would be revising national hunting laws in Brazil, since 
hunting and trade of wild meat still occupies an uncertain status in the legal 
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framework of the country, even for traditional Amazonian populations depending 
on these activities to live (Antunes et al. 2019). By doing so, game species 
conservation with the maintenance of their ecosystem services could be aligned 
with the provision of food and income for local people in the Amazon. 
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Chapter 3. Urban wild meat consumption and trade in central 
Amazonia 
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3.1 Abstract 
 The switch from hunting wild meat for home consumption to supplying 
more lucrative city markets in Amazonia can adversely affect some game 
species. Despite this, information on the amounts of wild meat eaten in 
Amazonian cities is still limited. We estimated wild meat consumption rates in 5 
cities in the State of Amazonas in Brazil through 1,046 door-to-door household 
interviews conducted from 2004 to 2012. With these data, we modeled the 
relationship between wild meat use and a selection of socioeconomic indices. 
We then scaled up our model to determine the amounts of wild meat likely to be 
consumed annually in the 62 urban centers in central Amazonia. A total of 
80.3% of all interviewees reported consuming wild meat during an average of 
29.3 (CI 11.6) days per year. Most wild meat was reported as bought in local 
markets (80.1%) or hunted by a family member (14.9%). Twenty-one taxa were 
cited as consumed, mostly mammals (71.6%), followed by reptiles (23.2%) and 
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then birds (5.2%). The declared frequency of wild meat consumption was 
positively correlated with the proportion of rural population as well as with the 
per capita gross domestic product of the municipality (administrative divisions) 
where the cities were seated. We estimated that as much as 10,691 t of wild 
meat might be consumed annually in the 62 urban centers within central 
Amazonia, the equivalent of 6.49 kg per person per year. In monetary terms, 
this amounts to US$21.72 per person per year or US$35.1 million overall, the 
latter figure is comparable to fish and timber production in the region. Given this 
magnitude of wild meat trade in central Amazonia, it is fundamental to integrate 
this activity into the formal economy and actively develop policies that allow the 
trade of more resilient taxa and restrict trade in species sensitive to hunting. 
 
3.2 Introduction 
Wild meat contributes to the diet of millions of people worldwide, 
making up 20-70% of all protein intake, particularly in isolated tropical forest 
regions, where domestic meat is scarce (Coad et al. 2019). Increased 
urbanization within the tropics has resulted in a greater demand for wild meat 
from cities and large towns; these population centers are supplied from the rural 
areas where wildlife occur. Thus, many rural peoples have shifted from being 
strictly traditional subsistence hunters to selling wild meat in cities (e.g., 
Dounias 2016). Whilst the sale of wild meat provides an important income 
source for many, uncontrolled trade to large urban markets is a conservation 
problem in many tropical countries (Nasi et al. 2011).  
  Until recently, the only published references to urban wild meat 
consumption in the Amazon were from studies in 1 city, Iquitos, in Peru 
(Bodmer and Lozano 2001). Based on this, urban wild meat consumption in 
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Amazonia was regarded for some time as negligible (Rushton et al. 2005; Nasi 
et al. 2011). However, recent studies suggest there are significant city markets 
in the region where a large number of wild animals are sold for human 
consumption. For example, well-established wild-meat markets exist in 
Abaetuba, Brazilian Amazon (Baía-Júnior et al. 2010), and in 2 prefrontier cities 
in southern Brazilian Amazonia, where around 80% of interviewed households 
regularly consumed wild meat (Parry et al. 2014). About 473 t of wild meat were 
estimated as traded annually in cities in the Amazonian trifrontier (Brazil, 
Colombia, and Peru) (van Vliet et al. 2014).  
 Because most of these studies are descriptive, restricted to relatively 
short sampling periods, and on a local scale, there is still a need to determine 
the levels of wild meat use and the volumes traded in Amazonian cities in much 
larger areas. Although factors affecting wild meat consumption and trade in 
African cities are relatively well known (Fa et al. 2009), these are still largely 
undescribed for Amazonia. A few studies have been conducted on how the 
economic and cultural background of consumers in Amazonian cities can affect 
how much wild meat is eaten (Morsello et al. 2015; Chaves et al. 2017); 
however, studies that can predict the volume of wild meat consumed in urban 
centers at a regional level are still absent. 
 We estimated wild meat consumption rates in five cities in the State of 
Amazonas in Brazil. From these data, we developed statistical models to 
determine the relationship between wild meat use and a number of 
socioeconomic indices obtained from government sources and scaled up our 
model to estimate the amounts of wild meat likely to be consumed annually in 
urban centers throughout central Amazonia, an area representing about one-
third of the entire Amazon biome. We also calculated the monetary value of the 
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wild meat trade in this region. The results of our study can be useful to 
understand the extent of urban demand for wild meat in the Amazon as a whole 
and generate insights that may inform conservation efforts and policies to 
ensure the sustainable use of wildlife. 
3.3 Methods 
3.3.1 Study sites 
This study was conducted in Amazonas state, the largest state by area in 
Brazil (1,571,000 km²). The state is almost entirely covered by moist broadleaf 
forest and encompasses about 29% of the Amazon Basin.  
Brazilian states are divided into administrative municipalities that contain 
natural areas and urban and rural human settlements. Each municipality has a 
city that is the seat of the area’s administration; these seat cities are not 
specified in law according to a minimum population size, area, or facilities. 
Amazonas state contains 62 municipalities with around 3.4 million inhabitants, 
of which around 2.7 million (79.4%) live in cities (IBGE 2018).  
Because most cities in the state are far apart, accessible after long hours 
of travel by boat or plane, we chose those closest to our main research base in 
Tefé. Among these more accessible cities, we selected those within 
municipalities that would be representative of the range of socioeconomic 
variables we wanted to consider: rural and urban human population, human 
development index (HDI), and gross domestic product (GDP). We sampled 
households in the seat cities of five municipalities: Alvarães (14,080 inhabitants) 
and Tefé (61,399 inhabitants), at the confluence of the Tefé and Solimões 
Rivers; Coari (75,909 inhabitants), between the Urucu and Solimões Rivers; 
Maraã (17,364 inhabitants) on the lower Japurá River; and Fonte Boa (22,659 
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inhabitants) on the Solimões River (Table 1; Figure 1). The economy of these 
municipalities is based around small-scale industries and farming (IBGE 2018).  
 
3.3.2 Data collection 
Data on wild meat consumption and trade were obtained through 
household surveys conducted from April 2004 to May 2012 (Table 1). 
Depending on the time available for research in each city, we randomly selected 
at least 50% of neighborhoods within which we had a minimum of 2 interviews 
per neighborhood (Table 1). We asked heads of households (women and men) 
the following questions: is wild meat consumed in the house (yes or no 
response), how often is wild meat consumed (number of days per week, month, 
or year),  which species are eaten, how is the consumed wild meat obtained 
(hunting, buying, or as a gift), if purchased, where is it purchased, and  what 
price is paid for each species and what is  the selling unit (e.g., kilograms, entire 
animal or half the animal specimen).  
Figure 1. A map portraying the location of the sampled cities within central 




 Although urban consumption and trade of wildlife is forbidden by law in 
Brazil (Law 5.197/1967) (Antunes et al. 2019), local wildlife management 
authorities tend to persecute hunters and traders, not consumers. Therefore, 
consumers do not perceive they are acting illegally and do not fear persecution. 
Given this, we did not use indirect questioning methods; rather, we applied 
direct questioning, as used in previous studies of wild meat consumption in the 
region (e.g., Parry et al. 2014; van Vliet et al. 2015; Chaves et al. 2017). 
Participants were made comfortable with our interview process by informing 
them of the study aims prior to the interview. Respondents were free to 
participate in the study and were informed that we would not disclose their 
identity. Of a total 1085 visited households, 96.4% (1,046 households) agreed 
to be interviewed, an indication that most people felt comfortable participating 
(Table 1). We followed the Guidelines for Applying Free, Prior and Informed 
Consent in Buppert and McKeehan (2013). 
 
Table 1. Details of cities in Amazonas state where surveys on wild meat 
consumption were conducted. *Based on the last survey carried out in 2010 by 
the Brazilian government (IBGE 2018). 
 


















Alvarães 03º 13' 15" S,  5,923.46 14,080 (7,878; 55.95) 2.38 
Jul - Aug 
2007 153 (11.2) 5 (5) 64º 48' 15" W 
Coari 04º 05' 06" S,  116,572.71 75,909, (49,638; 65.4) 1.31 
Oct 2011 – 
May 2012 60 (0.6) 15 (8) 63º 08' 29" W 
Fonte 
Boa 
02º 30' 50" S,  116,572.71 22,659 (15,039; 66.37) 1.86 Nov 2011 20 (0.7) 10 (6) 66º 05' 30" W 
Maraã 01º 51' 22" S,  116,572.71 17,364 (8,759; 50.44) 1.03 Oct 2011 22 (1.6) 8 (8) 65º 34' 52" W 
Tefé 
03º 21' 15" S,  
116,572.71 61,399 (50,072; 81.55) 2.59 
Apr – Nov 
2004  
791 (7.9) 20 (17) 
64º 42' 41" W Aug 2005 – Mar 2006 
Total - 116,572.71 191,411 - - 1,046 58 (44) 
 
78 
3.3.3 Data analyses  
 The overall amount of wild meat consumed (B) in each city was 
estimated using the following formula: 
      B = Fc*Pc*Dc 
where Fc is the mean frequency of consumption reported by the interviewees 
expressed as the number of days wild meat was consumed per person per year 
and Pc the total potential consumers in the city based on the percentage of 
informants declaring that they consumed wild meat in our survey multiplied by 
the number of urban inhabitants. Because actual daily amounts of wild meat 
consumed by Amazonian urban dwellers is not currently available, we used 
0.18 kg/person/day (CI 0.07) (obtained from a study of 13 indigenous 
communities [Ojasti 1996]) as an average amount of wild meat consumed per 
person per day (Dc).  
For each city, we estimated the amount of meat consumed of each taxon 
by using the percentage of times the taxon was mentioned (hereafter referred to 
as citations) from the overall amount of wild meat consumed (B). We estimated 
the number of individuals consumed per taxon per year by dividing the 
estimated biomass consumed of each taxon by the body mass of eviscerated 
specimens of the species (García et al. 2004).  
All taxa were classified according to the International Union for 
Conservation of Nature (IUCN) Red List threat categories (vulnerable; 
endangered; critically endangered) (IUCN 2018). If the local names provided by 
informants did not allow an unequivocal classification to species, we used 
genus or family. 
We calculated the average selling price for each taxon by adjusting for 
the inflation rate for the different years during which each city was sampled 
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based on the General Price Index for Brazil estimated by the Getúlio Vargas 
Foundation. We used the exchange rate for 1 June 2018 to convert Brazilian 
reais (R$) into US dollars (R$3.85 = US$1.00). Hereafter all monetary units are 
U.S. dollars. 
We built generalized additive models for location, scale, and shape 
(GAMLSS) to assess drivers of the three response variables: frequency of 
consumption (reported number of days of wild meat consumption per year), 
taxa citations, and price per kilogram. As predictor variables, we used 
socioeconomic indices compiled by the Brazilian Government for each 
municipality (IBGE 2018): total population (number of inhabitants), percent rural 
population (rural population/total population), HDI, and the per capita GDP in 
dollars per individual. Data from 2010 was used as reference for the first three 
variables because no information was available for the specific years when our 
interview data were collected. Per capita GDP values were available for each 
sampling year. We considered the gross body mass (non-eviscerated weight in 
kilograms) and habitat type (terrestrial, arboreal, and aquatic) for each taxon as 
biological drivers for the models in relation to the taxa citations and price per 
kilogram. We also included taxa as a random factor due to differences in the 
number of citations among cities and the price per kilogram as a predictor 
variable for the taxa citations. Gross body mass of all mentioned species was 
obtained from García et al. (2004) and Robinson and Redford (1986). To avoid 
overestimating the number of people consuming wild meat due to low sample 
sizes in some cities, we calculated the potential number of consumers (Pc) by 
using the same variables of the municipalities as predictors in a logistic 
regression (Appendix S1). 
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To build the models, we tested combinations of predictor variables in 
linear and nonlinear forms with different distribution families. We checked for 
collinearity among variables. Because the percentage of rural population was 
negatively correlated with the total population (r2=0.99) and HDI (r2=0.94), these 
variables were never included in the same models and were tested separately. 
Final models were selected based on the Akaike information criteria (AIC); all 
models with good support were those with ΔAIC values <2 in relation to the 
model with the smallest AIC. In cases when more than one model was a best fit, 
we selected the model with the smaller number of parameters.  
 Based on our best-fit models and variables, we used the function 
gamlss.predict to predict the current frequency of wild meat consumption, the 
amount of consumed wild meat (corrected by the percentage of consumers 
among urban dwellers), and the monetary value generated by wild meat for the 
entire central Amazonia region, and calculated these parameters for all 62 cities 
in the Amazonas state with the most updated values for the predictor variables 
available from the government statistics. We used R version 3.3.3 
(http://www.R-project.org/) and the gamlss R-package for generalized linear and 
additive mixed models and predictions and GGally R-package for the 
collinearity test. For the variables effects, we assumed significance when p 
<0.05. 
 
3.4 Results  
 Sampled municipalities were representative of the 62 municipalities in 
the state of Amazonas. Average per capita GDP ($2,835.34 [SD 2,540.01]) and 
average percentage rural population (36.06% [SD 11.88]) in our five sampled 
municipalities were not statistically different from the averages for the remaining 
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57 municipalities (average GDP $2,463.56 [SD 1396.36], t = 0.53, df = 60, p = 
0.65; rural population $44.95 [SD 14.30], t = 1.45, df = 60, p = 0.15). 
 
3.4.1 Consumption and procurement of wild meat 
All interviewees in Maraã (20/20) and Fonte Boa (22/22), 90.8% 
(139/153) in Alvarães, 85.0% in Coari (51/60), and 76.9% (608/791) in Tefé 
declared consuming wild meat; overall average was 80.3% (Table 2). 
Respondents declared consuming wild meat during 29.3 (CI 11.6) days per year 
(Table 2). An average of 80.1% of interviewees reported buying wild meat, and 
14.9% of consumers reported hunting wildlife (Table 3). The estimated mean 
annual wild meat biomass consumed per capita was 4.60 kg/person/y (SD 
1.87), a total of 500,497.56 kg (CI 203 - 254.42). 
 
Table 2. Details on the estimated consumption of wild meat in 5 cities in central 
Amazonia. 
aCalculated with logistic regressions to obtain the likely percentage of people 
consuming wild meat within the entire population of each city (see Appendix 





No. that consumed wild 
meat (%) 






n (CI) (days 
person-1 
year-1) 
Overall wild meat consumption  
(CI range) (kg year-1)b 
Per capita 
urban wild meat 
consumption 
(CI range) (kg 
person-1 year-1) 
yes  no 
Alvarães 139 (90.8) 14 (8.2) 7,258.81 (92.1) 
32.83 
(11.07) 41,887 (24,876 - 58,897)  
5.32 (3.16 - 
7.48) 
Coari 51 (85.0) 9 (15.0) 
43,715.73 
(88.1)  29.33 (5.70) 225,546 (133,951 - 317,141) 
4.54 (2.70 - 
6.39) 
Fonte 




(12.58) 57,383 (34,079 - 80,686) 
3.82 (2.27 - 
5.37) 
Maraã 22 (100.0) 0 (0) 8,223.41 (93.9) 42.67 (26.04) 61,713 (36,651 - 86,775) 
7.05 (4.18 - 
9.91) 
Tefé 608 (76.9) 183 (23.1) 
38,545.36 
(77.0) 16.81 (2.51) 113,969 (67,686 - 160,252) 
2.28 (1.35 - 
3.20) 
Total 840 (80.3) 206 (19.7) 110,910.75 
29.28 
(11.58) 500,498 (297,243 - 703,752) 




3.4.2 Taxa consumed 
Twenty-one taxa were mentioned as eaten by respondents. As many as 
40% (6 of 15) of the taxa identified to species are threatened with extinction 
(Appendix S2). Among the 2,067 citations, mammals were the predominant 
group (n=1,480, 71.6%), followed by reptiles (n=479, 23.2%) and birds (n=108, 
5.2%). In terms of biomass, the white-lipped peccary (Tayassu pecari) 
(37,955.30 kg), the tapir (Tapirus terrestris) (23,362.72 kg), the lowland paca 
(Cuniculus paca) (21,303.39 kg), and the yellow-spotted river turtle (P. unifilis) 
(10,840.29 kg) were the most representative, making up together 67% of the 
total (Figure 2). A total of 95,772 (CI 38,893) animals were estimated as 
consumed annually; four species, P. sextuberculata, P. unifilis, agouti 
(Dasyprocta fuliginosa), and C. paca, represented 76.6% of this total (Appendix 
S2). 
 
Figure 2. Average percentage of citations (bars) and overall wild meat biomass 
estimated as consumed (line) per taxon in 5 cities in central Amazonia. 




3.4.3 Traded biomass 
Of the total biomass estimated as consumed, 403,311 kg (80.6%) were 
estimated as purchased in urban markets. People declared they usually bought 
wild meat in only 1 place (n=605, 94.4%), although some informants declared 
buying in two (n=27, 4.2%) or three different places (n=9, 1.4%). Informants 
reported that wild meat is mainly obtained at local fairs (n=313, 46.1%), 
followed by hawkers (n=208, 30.2%), private residences (n=69, 9.2%), directly 






Table 3. Declared means by which urban consumers obtained wild meat in 5 
cities in central Amazonia. 
 
Information on prices was reported by informants for 17 taxa: mean price 
was $3.82/kg (SD 1.60). The sale of these taxa was estimated to generate 
$1,522,412/year (CI 240,919). The commercialization of four taxa alone, two 
chelonians (P. unifilis and P. sextuberculata) and two mammals (T. pecari and 
T. terrestris), were responsible for 68.9% of this amount. Curassows (mean 
price $8.39/kg) and the three freshwater turtles (mean prices $7.67/kg for P. 










Alvarães 100 (75.8) 18 (13.6) 14 (10.6) 0 (0.0) 132 
Coari 42 (82.4) 4 (7.8) 3 (5.9) 2 (3.9) 51 
Fonte Boa 16 (80.0) 4 (20.0) 0 (0.0) 0 (0.0) 20 
Maraã 19 (86.4) 2 (9.1) 1 (4.5) 0 (0.0) 22 
Tefé 463 (75.9) 146 (23.9) 0 (0.0) 1 (0.2) 610 
Total (average %) 640 (80.1) 174 (14.9) 18 (4.2) 3 (0.8) 834 
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unifilis: $6.49/kg for P. sextuberculata; $6.01/kg for P. expansa) were the most 
expensive taxa (Appendix S3).  
 
3.4.4 Drivers of and overall wild meat consumption in central Amazonia  
 The reported frequency of wild meat consumption per person increased 
significantly relative to the percent rural population in the municipality (2.504e-
02 [SE 5.597e-03], t=4.4, p <0.001) (Figure 3a) and as per capita GDP 
increased (1.393e-04 [SE: 1.573e-08], t=8855.1, p<0.001) (Figure 3b). The 
gross body mass positively influenced the taxa citations (0.077 [SE 0.007], 
t=10.0, p< 0.001) (Figure 3c). Prices per kilogram presented a nonlinear 
relationship with the taxa’s gross body mass (-0.001 [SE 0.0001], t=-10.7, p< 
0.001) (Figure 3d) and increased as the percentage of rural population in the 
municipality increased (0.005 [SE 0.0005], t=8.7, p< 0.001) (Figure 3e). 
Using the models obtained from these relationships, we estimated that 
10,691,103 kg (CI 4,342,101) of wild meat was consumed annually in the 62 
cities (2,755,756 urban inhabitants) within central Amazonia. This translates to 
a mean annual per capita consumption of 6.49 kg/person/year (CI 2.64) and 
amounts to a total monetary value of $35,112,904/year (CI 14,260,811) 
(average of $21.58 /person/year [CI 8.76]). The cities with the largest estimated 
amounts of wild meat consumed per year were along the western part of the 
state, and few were located in the central part of the Amazon River basin. The 
cities with a greater estimated per capita wild meat consumption were located 






























Figure 3. Relationships between (a) percentage of rural population and (b) per capita gross domestic product of the 
municipalities with the declared frequency of consumption of wild meat: between (c) gross body mass with the percentage of 
citations of each taxon and between (d) gross body mass and (e) percentage of rural population of the municipalities with the 
price of each taxon in 5 cities of central Amazonia. Only taxa cited in at least 3 cities were considered for the model (c). Blue 
shading, 95% CI; The points are normalized residuals, which are plotted on a log-transformed (ln) y-axis in graphs a, b, d, and 



















Figure 4. Two maps portraying the predicted per capita wild meat consumption 
(top) and annual amount of wild meat consumption (bottom) in the cities of 62 
municipalities in central Amazonia. The municipalities surveyed for modeling 
were Alvarães (24), Coari (29), Fonte Boa (19), Maraã (21), and Tefé (26). 
 
3.5 Discussion  
 A very large proportion of interviewees in our study reported eating wild 
meat, corresponding to one day of wild meat eaten for every 12.47 days 
consuming domestic meat in a year. These results correspond with Parry et 
al.’s (2014) study in the southern Brazilian Amazon, which shows that as many 
as 80% of the inhabitants consumed wild meat at least once per year.  
Data on daily wild meat consumption in Amazonian urban centers are 
largely unavailable. The average per capita wild meat consumption we used to 
estimate overall consumption volumes is necessarily a working value only, but it 
is heuristically useful for estimating the amount of meat consumed in wild meat-
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based meals and for extrapolating to the entire study region. There is no doubt 
that more precise information on amounts consumed per individual or 
household in urban centers is required, and we suggest this should be a priority 
for future work. 
We acknowledge that some respondents could have underreported how 
much wild meat they consumed. Because we did not apply indirect questioning 
techniques to determine the level of underreporting, our consumption estimates 
must be treated as a minimum. We also believe underreporting rates were 
probably similar among cities because sampled cities are culturally similar and 
under the same enforcement regimes. 
Data collection for the different cities was spread out over seven years 
and data for some socioeconomic indices were not available for the same years 
of data collection. This may have affected our results because consumption 
rates and socioeconomic indices may have varied over time. In addition, the 
most recent values of socioeconomic statistics were not obtained at the same 
time by the government (last available GDP values are from 2016, whereas last 
census of population was conducted in 2010). However, temporal changes in 
the two variables (rural population, per capita GDP) we used varied differently. 
The GDP changed substantially over the short-term (i.e., some studied 
municipalities’ GDPs more than doubled from 2010 to 2016), whereas the 
proportion of rural population changed by only -1.0% on average from 2000 to 
2010 (IBGE 2001). Despite these shortcomings, our estimation of 3.49 
kg/person/year for Tabatinga, a city in the Brazil-Colombia-Peru frontier, was 
very similar to the 3.40 kg/person/year van Vliet et al. (2015) derived from direct 
observations at for the same site. In addition, our predicted per capita frequency 
of wild meat consumption for Tapauá (39.1 days/year) was also comparable to 
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estimates of Chaves et al. (2017) (38.4 days/year) in the same city. We argue 
that, despite the limitation posed by the lack of some governmental statistics, 
these observations support the robustness of our model (Supporting 
Information). 
 Our results clearly showed that urban wild meat markets are well 
established in Amazonas state. In all surveyed cities, most interviewed urban 
dwellers reported buying wild meat, and most of them declared purchasing 
meat from the same salesmen, vendors in local fairs and hawkers, an indication 
of constancy in supply. Parry et al. (2014) show that the poorest urban 
households hunt to obtain wild meat, whereas wealthier residents buy wild 
meat. This is because hunting is the cheaper option for poorer people in cities, 
but also because the lack of formal employment, which is more common among 
this group, allows them to spend more time in this activity. Although we have 
not systematically collected data on this, some informants who declared hunting 
wild meat for consumption in our study informally declared selling part of their 
quarry. In the Amazonian cities of Benjamin Constant and Atalaia do Norte in 
Brazil, urban hunters profit from the sale of up to 97% of their game to closed 
markets (van Vliet et al. 2015). The low number of urban people declaring 
hunting wild meat shows that rural hunters supply city markets. Hunters from 
rural areas in Amazonia are mainly subsistence hunters, but may sell part of 
their hunting yields, likely to obtain money to buy urban goods, such as clothes 
and foods (Antunes et al. 2019). For instance, in the Peruvian Amazon, Bodmer 
and Lozano (2001) found that rural hunters sell around 7% of mammals hunted, 
whereas Morcatty and Valsecchi (2015) found that around 21% of yellow-footed 
tortoises (Chelonoidis denticulatus) harvested by rural hunters in Amazonia 
were traded in urban wild-meat markets. 
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 The main groups (mammals and chelonians) and species cited as 
consumed and traded in our study cities were similar to those traded in other 
Amazonian localities (Bodmer and Lozano 2001; van Vliet et al. 2014). These 
species are commonly hunted for subsistence and trade by rural populations 
throughout Amazonia (e.g., Peres 2000; Lopes et al. 2012) and in other 
Neotropical regions (El Bizri et al. 2015). In particular, tapir and white-lipped 
peccary were among the top three species cited in our surveys. Both species 
are listed as vulnerable, following IUCN Red List criteria, and hunting is one of 
the main threats. Both species are declining in central Amazonia (Parry and 
Peres 2015). Other highly cited species, such as lowland paca, are also 
affected by hunting in Amazonia (e.g., Valsecchi et al. 2014; El Bizri et al. 
2018), but are listed as least concern by IUCN. 
 In central Amazonia, governmental statistics for each municipality are 
useful to predict wild meat consumption at large scales. We found that the 
proportion of rural inhabitants within a municipality was correlated with the 
proportion of inhabitants that declared consuming wild meat in cities, the 
reported frequency of consumption, and the prices per kilogram in the market. 
This pattern may be a result of the economic connectivity between urban and 
rural sectors in these municipalities. Thus, in municipalities where the rural 
population is larger, urban people are able to buy wild meat more frequently 
from rural people who hunt. Because these small cities are often isolated and 
only accessible by boat, domestic and processed products become more 
expensive due to higher transportation costs. As a consequence, wild meat 
prices are higher in small cities, where rural inhabitants outnumber urban ones, 
because trading in wild meat is one of the most prevalent and cost-effective 
activities in localities where the sale of agricultural commodities do not have a 
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large local market and are uncompetitive due to the high costs and long 
transportation times (Wilkie et al. 2016). Moreover, we argue that the price of 
the wild meat may also be anchored to the price of domestic meat or other 
important products for local inhabitants, such as oil. 
 The relationship between price and species’ body mass reflects the fact 
that smaller species, although more abundant and easier to capture, are sold at 
a higher price because they yield less meat. Conversely, large-bodied species, 
although more profitable in terms of meat obtained, are less abundant and 
therefore more difficult to capture. This explains the U-shaped curve in this 
relationship and shows that hunters meeting urban demand do not kill prey 
randomly, but consider prey profitability when choosing which prey to kill and 
how to price it (Rowcliffe et al. 2004). Our results also indicated that larger 
species are generally more consumed than smaller species, and this 
relationship may be caused partially by price differences. However, considering 
that fewer game taxa were cited as consumed than in rural areas in Amazonia 
(e.g. 30 species [Vieira et al. 2015], 27 species [Kirkland et al .2018]), the range 
of species reaching urban markets may be limited by consumer taste and 
taboos.  
 Studies reporting the contribution of wild meat to local economies 
indicate a large informal sector, often as large as formal sectors, such as timber 
harvesting or agriculture (Lescuyer & Nasi 2016). Because wild meat trade in 
Brazil is prohibited, the harvest and selling of this product is excluded from 
official statistics. Nevertheless, the wild meat market was predicted to generate 
a great deal of money in central Amazonia ($35.1 million). Compared with other 
products, it is three times lower than mineral ($102.9million) production and 
similar to fish ($40.1 million) and timber production ($39.9 million) in the 
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Amazonas state (SEPLANCTI/DEPI 2018; ANM 2019). However, considering 
that a large proportion of these economic activities, including the wild meat 
trade, are carried out illegally, these numbers must be considered an 
underestimate. Most municipalities in the Amazonas state have >40% of their 
populations living on less than half minimum wage (IBGE 2018); thus, wild meat 
represents an important product for the income of several rural and urban 
families in the region. Hunters are not the only ones who generate income from 
wild meat; rather, several different actors involved in the commodity chain 
generate income for themselves. In Peru commercial hunters can supply wild 
meat directly to wholesalers, restaurants, or market traders, who in turn supply 
meat to the customers; price of the meat increases at each step (Fang et al. 
2008). The same has been observed for the trade of tortoise meat in four cities 
in Amazonia, where intermediaries between hunters and urban vendors benefit 
significantly and obtain high profits (Morcatty et al. 2015). This highlights the 
necessity of finding solutions to regulate this sector in Amazonia and to reduce 
the impacts of wild meat trade in urban centers on Amazonian wildlife. 
 Our maps provide the first large-scale estimation of the amount of urban 
wild meat consumption for the Amazon, from which one may determine 
hotspots of wildlife extraction and where implementation of conservation 
strategies is more urgent. The high consumption rates of wild meat predicted for 
large cities, such as Coari and the capital Manaus, where there is an offer of 
domestic meat, signal that wild meat consumption is not strictly related to 
dietary necessity or poverty, but possibly a maintenance of the rural heritage 
and the thrill of local dwellers for diversifying their diet (Wilkie et al. 2016). Many 
cities in the western Amazon, which are more accessible due to their location 
downstream on Amazon River, were predicted to have both per capita and total 
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wild meat consumption at relevant levels, likely because of the combination of 
high GDP and surrounding rural populations. Therefore, the replacement of the 
wild meat by domestic meat at a more accessible price, which is a very 
common suggested strategy to reduce wild meat demand in cities (Rushton et 
al. 2005), may not be sufficient to solve the problem. In addition, law 
enforcement and surveillance actions face several barriers in the Amazon, 
especially due to the large extent of the territory and difficult access. 
Accordingly, the current prohibition on wildlife commerce in most areas of the 
Amazon has been driving a hidden market that hampers control. Furthermore, 
captive breeding of wild species, although suggested as an alternative to keep 
wild meat consumption at sustainable levels (Nogueira-Filho et al. 2011), may 
not produce enough individuals to supply the demand at an affordable price 
(Wilkie 2016). 
 Given the magnitude of the trade of wild meat we found, we suggest the 
regulation of this unconstrained activity is a fundamental and urgent matter to 
resolve. Plans that support the sustainable management of wild meat in the 
surrounding forests should bring regulated wild meat trade into the formal 
economy and promote the improvement of rural livelihoods. Wildlife trade 
regulations could include policies designed to allow the trade of more resilient 
species and to protect or restrict the trade of those more sensitive to hunting. 
Some of these more resilient species are already among the most consumed 
taxa in the region, so acceptance of this policy is most likely. This strategy 
would generate income for those involved in the market chain and adequately 
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3.7 Supporting Information 
Appendix S1. A figure showing the relationship between the percentage of 
rural population within each municipality and the wild meat consumption 
probability in the cities (Estimate = 0.04896, p<0.01). The size of the markers 
refers to the frequency of citations for wild meat consumption (1 = consume wild 
meat; 0 = does not consume wild meat) in each surveyed city. The formula 
obtained through this model  
(y = 2.72(0.30311884+0.04896433*x)/1+2.72(0.30311884+0.04896433*x)) was used to predict the 
percentage of potential consumers of wild meat for each urban population of the 







Appendix S2. A table containing details on the game species cited as consumed in five cities in Central Amazonia, with their 
gross body weight, net body weight after evisceration, conservation status, number and percentage of citations, and wild meat 
biomass and number of individuals estimated to be consumed annualy. 












N of citations (%)  
kg (N individuals) consumed yearly 
Alvarães (n=130) Coari (n=51) Fonte Boa (n=20) 
Maraã 
(n=22) 
Tefé (n=552) Totala 
White-lipped peccary 
(Tayassu pecari) 






























Lowland paca  
(Cuniculus paca) 




























































 (Alouatta seniculus) 
6 4 LC 1 (0.19) 
78.73 (19.68) 



















 (Pecari tajacu) 
25 13 LC 6 (1.13) 
472.41 (36.34) 






6 4 - 2 (0.38) 
157.47 (39.37) 
















4 2.4 LC 1 (0.19) 
78.73 (32.97) 
0 0 0 0 1 (0.04) 
78.73 (32.97) 
 





 turtle (Podocnemis unifilis) 















 river turtle (Podocnemis 
sextuberculata) 
















Giant South American 
turtle 
 (Podocnemis expansa) 
40 18 LR/CD 7 (1.32) 
551.14 (30.62) 











8 3 VU 8 (1.5) 
629.88 (209.96) 














         
Curassow  
(Crax spp.; Mitu spp.) 













Muscovy duck  
(Cairina moschata) 










3 2 LC 0 0 0 0 1 (0.09) 
97.49 (48.75) 
1 (0.02) 97.49 (48.75) 
Tinamous  
(Family Tinamidae) 
1 0.6 - 1 (0.19) 
78.73 (131.22) 
0 0 0 0 1 (0.04)  
78.73 (131.22) 














2067 (100)  
500497.56 (95772.12) 








Appendix S3. A table containing details on the estimated amounts of biomass sold, prices and annual monetary movement of 
17 taxa cited as traded in five cities in central Amazonia 
Taxon 
City Total monetary 































































































CI – min CI) 
(USD) 













































































































































































































































































0 (0-0) 0 1.01 
± 
0.38 














































































59.65 0 ± 0 0 (0-0) 12783.
33 






59.65 0 ± 0 0 (0-0) 0 0 ± 0 0 (0-0) 0 0 ± 0 0 (0-0) 0 0 ± 0 0 (0-0) 0 0 ± 0 0 (0-0) 59.65 0 (0-0) 














































































































































0 0 ± 0 0 (0-0) 0 0 ± 0 0 (0-0) 1159.1
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0 (0-0) 0 0 ± 0 0 (0-0) 0 0 ± 0 0 (0-0) 0 0 ± 0 0 (0-0) 147.99 0 ± 0 0 (0-0) 147.99 0 (0-0) 































































































































Appendix S4. Details of the best-fit models using GAMLSS for each response variable, 
with the family of distribution, link function, delta AIC in relation to the second best model 
(∆AIC) and p-value for each variable. Non-linear effects were fit using P-spline smoother 
(pb) function provided by gamlss R-package. Families of distributions are represented 
by Generalised Inverse Gaussian (GIG), Reverse Gumbel (RG) and Box-Cox t (BCTo).  
Best fitted modela Link 
function Estimate p-value 
Family of 
distribution ∆AIC Response variables Predictor variables 
Consumption of wild meat   
    
    Frequency of consumption Intercept +  
% rural population + 
















    
    % of citations per taxon Intercept + 












   
 
Wild meat price 
 
 
    
    Meat price Intercept + 
pb(Gross body mass) + 
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Chapter 4. Breeding seasonality in the lowland paca (Cuniculus 
paca) in Amazonia: interactions with rainfall, fruiting, and 
sustainable hunting 
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 The resilience of a given species to hunting is conditioned by the effect of 
potential threats upon the more sensitive periods in its life history, such as when 
animals are breeding. We investigated the environmental drivers of breeding 
seasonality in the lowland paca (Cuniculus paca), and the potential impact of 
hunting on the species. As part of a participative study with hunters in 2 
Amazonian sites, we obtained reproductive organs of pacas as well as 
information on the hunters’ daily wild meat extraction. Using data on rainfall, 
river water level, and fruiting phenology from the 2 study sites, we applied 
generalized additive models (GAMLSS) to examine the effect of climatic and 
environmental factors on paca reproduction. Forest fruiting was directly linked to 
higher pregnancy rates in pacas, and when lactation and weaning of offspring 
mostly occurred. Hunting was highly seasonal in all studied years and positively 
correlated with higher levels of river water. The coincidence between hunting 
patterns and paca reproductive cycles during the wet season resulted in more 
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pregnant females being harvested. In addition to the known slow reproductive 
rate of pacas, the disproportionate offtake of pregnant females may affect the 
long-term sustainability of hunting of this species. Reducing hunting during the 
flooded season may not be feasible because the lowland paca provides most of 
wild meat consumed by thousands of rural Amazonians during this period. 
However, options to offset the negative effects of killing of pregnant females 
could include the zoning of hunting areas or encouraging hunters to target 
primarily males. Our results indicate that strategies for the sustainable harvest 
of paca and other heavily hunted Amazonian mammals should consider the 
interaction between the species’ reproductive cycles and hunting by local 
people in order to enhance conservation and management efforts.  
 
4.2 Introduction 
 In high latitudes, where climatic variability between seasons is greatest, 
most species produce a large number of offspring in a short period of time, most 
of which do not survive (Bronson 1985). By contrast, in more stable 
environments with less seasonal variation, such as tropical forest regions, 
species generally produce a constant, low number of offspring over the year 
(McNaughton 1975).  However, in the Amazon basin, the extreme variation in 
river levels, caused by seasonal meltwater in the Andes or rainfall, affects food 
availability (particularly tree fruits) to such an extent that frugivorous mammals 
may exhibit a greater than expected reproductive seasonality for this 
environment (Dubost et al. 2005). Furthermore, seasonal patterns in water 




Animal populations are regulated by factors that impact mortality and 
recruitment (Caughley 1977). Understanding the population dynamics of 
exploited species is essential to determine sustainable harvest rates for wildlife 
populations. Harvesting individuals can have direct effects on the growth rate of 
a population by increasing mortality rates. There is increasing evidence that 
harvesting can also have indirect effects on population growth. For instance, 
harvest can disrupt the sex and age structure of a population, which can in turn 
affect fecundity rates (Milner et al. 2007; Bunnefeld et al. 2009). Furthermore, 
sex-skewed harvesting can have potentially deleterious effects on long-term 
fecundity (defined as the number of young born) and lead to population 
collapse, as shown for ungulates (Ginsberg and Milner-Gulland 1994; Freeman 
et al. 2014). In addition, overhunting of females in seasonally breeding animals, 
during periods when more females are pregnant, may negatively influence the 
population dynamics of the species. 
In this paper, we evaluate how hunting may affect the population 
dynamics of the lowland paca (Cuniculus paca). The paca is a large, 
frugivorous caviomorph rodent that occurs throughout the Neotropics, inhabiting 
primarily broadleaf forests from east-central Mexico to northern Argentina. 
(Collet 1981; Pérez 1992; Aquino et al. 2009). Studies to date, in primary 
broadleaf forest, suggest that pacas occupy relatively small home ranges 
(Marcus 1984; Beck-King et al. 1999), and are patchily distributed in mosaic 
landscapes with scattered resources (Marcus 1984; Beck-King et al. 1999; 
Ulloa et al. 1999). Pacas feed mostly on fruits and seeds, and occasionally 
consume leaves and flowers (Beck-King et al. 1999; Dubost 2017).  
Pacas are of conservation and management interest throughout their 
geographic range, as a popular game species for people (e.g., Read et al. 
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2010; El Bizri et al. 2015, 2016; Gutiérrez-Granados 2015; Mayor et al. 2015), 
an important prey of large carnivores, and as seed dispersers (Dubost and 
Henry 2006; Aquino et al. 2009). However, there is concern that current levels 
of hunting may be unsustainable, as observed in several Amazonian sites (e.g., 
Zapata-Ríos et al. 2009; Valsecchi et al. 2014). Given the importance of the 
paca as a source of protein to human residents of tropical forests, identifying 
the factors that may affect paca numbers remains fundamental. 
Here, in 2 sites in Amazonian Peru and Brazil, we first assess how 
environmental factors such as rainfall patterns affect fruit availability, and in turn 
show how this correlates with the reproductive seasonality of pacas. We then 
assess the impact of harvest rates during the different phases of the 
reproductive cycle of pacas using data gathered from a 15-year participatory 
hunting study for the 2 study sites. 
 
4.3 Materials and Methods 
4.3.1 Study sites 
The Yavarí-Mirín River (YMR; 04º19’53” S, 71º57’33” W) is located in the 
western Peruvian Amazon, encompassing 107,000 ha of continuous upland 
forests containing a single indigenous community of 307 inhabitants (Figure 1). 
The Amanã Sustainable Development Reserve (ASDR; 01º54’00” S, 64º22’00” 
W) is a 2,313,000-ha reserve of predominantly upland forests in the central 
Brazilian Amazon, between the Negro and Japurá rivers. Approximately 4,000 
riverine people inhabit 23 communities and some isolated settlements within 
this reserve (Figure 1). In both study sites, local communities rely on agriculture 
for income and on hunting and fishing for subsistence. River water levels at 
both sites change seasonally, varying up to 12 m between the dry and flood 
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peaks (Ramalho et al. 2009). Climate in both study sites is typically equatorial 
with annual temperatures ranging between 22oC and 36oC, relative humidity of 
80%, and an annual rainfall of 1,500 – 3,000 mm. 
 
Figure 1. Location of the 2 study sites (YMR: Yavarí-Mirín River, ASDR: Amanã 
Sustainable Development Reserve) in Amazonia and the communities 
participating in the monitoring of hunting and collection of biological material on 
lowland pacas (Cuniculus paca). 
 
4.3.2 Water level and rainfall  
 For the YMR, we calculated monthly average river water level (as meters 
above sea level – m.a.s.l.) and rainfall (in mm) on the Yavarí River, from data 
provided by a Brazilian National Water Agency hydrological station, c. 50 km 
from the study site (HidroWeb, Estirão do Repouso station, rainfall: 1962 – 
1999, water level: 1980 – 2017,   http://www.snirh.gov.br/hidroweb/). In the 
ASDR, we used data on average rainfall (mm) for the Tefé municipality, c. 90 
km from the study area, from information also provided by the Brazilian National 
Water Agency (HidroWeb, Tefé station, 2005 – 2017, 
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http://www.snirh.gov.br/hidroweb/). We used data on river water levels from the 
Mamirauá Sustainable Development Institute for the Amanã Lake station inside 
the ASDR (1990 – 2018, https://mamiraua.org.br/pt-br/pesquisa-e-
monitoramento/monitoramento/fluviometrico/). 
 
4.3.3 Ripe fruit availability 
 We determined annual changes in ripe fruit availability, the main item in 
the diets of pacas (Dubost et al. 2005), by monitoring tree fruit abundance in 3 
transects between March 2004 and February 2005. Two transects, started at 
random points, were in upland forests in the YMR, and a third transect was 
located in aguajal, upland swamp forest dominated by palms. Two transects 
were 5 m wide and one in the upland forest was 20 m wide (Pitman et al. 2003). 
We tagged and identified every tree of a diameter at breast height (DBH) >10 
cm, as well as every vine or liana of DBH >7 cm (Ayres 1986). We marked 
plants until the rate of discovery of new species plateaued (Sutherland 2000), 
which determined the length and area of each transect. Starting mid-month, we 
observed the canopy of each tagged tree or vine once per month with 
binoculars and a small telescope, recording the presence or absence of ripe 
fruits in each sampled individual plant. Because fruits of the moriche palm 
(Mauritia flexuosa) constitute an important part of the diet of pacas (Mendieta-
Aguilar et al. 2015), we also obtained more detailed fruiting data from the 38 
individuals found within the transects and analyzed it independently. 
 
4.3.4 Paca reproduction and hunting 
 We trained local hunters in the YMR community and in 5 ASDR 
communities to remove all abdominal and pelvic organs from harvested 
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specimens and to store these materials in buffered 4% formaldehyde solution 
(Mayor et al. 2017). From 2000 to 2015, local hunters collected and voluntarily 
donated genitalia from 300 female pacas (212 in the YMR and 88 in the ASDR), 
each labeled with the hunting date. Since hunters do not consume these 
organs, we avoided encouraging additional mortality to supply our study. In 
parallel, between 2000 and 2015 in the YMR, and between 2002 and 2015 in 
the ASDR, hunters recorded all harvested pacas, including sex and hunting 
date. In each monitored community in YMR and ASDR, local hunters were 
provided with datasheets in which they voluntarily recorded information on their 
daily hunting events. To ensure data were accurately collected, we conducted 
regular workshops and meetings (at least once per year) with all data providers 
and members of the participating communities. In this study, we only used the 
data for harvested females. 
 
4.3.5 Data analysis  
 We removed the conceptuses from all pregnant females. Using a metal 
caliper (maximum 300 mm) and a tape measure (1.0 mm accuracy), we 
measured the crown-rump length and longitudinal length of each embryo or 
fetus, from rostral edge of nose to distal portion of the tail. Conception dates 
were determined by backdating the date of collection of each embryo or fetus 
from their estimated age, using the age formula for paca fetuses in El Bizri et al. 
(2017). Predicted parturition dates were estimated by summing a standard 
gestation length of 149 days (Guimarães et al. 2008) to the derived conception 
dates. We then calculated the monthly number and percentage of conceptions 
and parturitions during the study period. Hunting data on females collected by 
local people were also used to calculate the monthly percentage of female 
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pacas harvested in each site within each monitored year (hereafter known as 
hunting rates). Additionally, we estimated the pregnancy period (from 
conception to parturition dates) for each paca, and summed the cumulative 
number of pregnant pacas per month to obtain a monthly percentage of 
pregnant females among all collected samples in a year (hereafter known as 
pregnancy rate). We also estimated the monthly percentage of weaned 
offspring by summing a standard lactation length of 21 days to the parturition 
dates, which correspond to the period after which the offspring, although still 
suckling, starts eating solid food (Collett 1981). In addition, we calculated the 
average longitudinal length of the embryos or fetuses per month in each locality. 
 We applied generalized additive models for location, scale, and shape 
(GAMLSS) (Stasinopoulos and Rigby 2007) to assess the relationship between 
climate, fruiting, paca reproductive events, and hunting. By using GAMLSS, it is 
possible to test across a wide set of distribution families, ensuring the best fit to 
the data is selected. Analyses were conducted in 3 sets using a theoretical 
framework of likely direct relationships between the variables. In set (1), we 
evaluated the relationship between monthly rainfall (predictor variable) and 
monthly fruiting percentage in the 3 YMR environments. In set (2), we evaluated 
the relationship between monthly fruiting percentage in the 3 environments 
(predictor variables) and paca reproductive events (percentage of conceptions, 
parturitions, and weaning, and pregnancy rates) for the YMR; in this second set, 
we also tested rainfall as a predictor variable for conceptions in both areas 
(YMR and ASDR), since this factor has been reported as a possible cue for 
conceptions in several mammal species. In set (3), we evaluated the 
relationship between river water level and paca reproductive events (predictor 
variables) with hunting rates. For the latter, we calculated the monthly 
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percentage of harvested females in each year in both areas and related these 
values with the monthly average water level and percentage reproductive 
events, which were considered constants among months, independently of the 
year. 
We tested all combinations of predictor variables in each set in linear or 
non-linear forms using different distribution families. Final models were selected 
based on DAIC values, i.e., the difference between the value of Akaike’s 
information criterion (AIC) for the model being evaluated and the model with the 
lowest AIC value (Burnham and Anderson 2004); DAIC values smaller than 2 
indicated models with good support. Among these models, we chose the 
simplest one as final, i.e., the model with fewest degrees of freedom and with 
fewest predictor variables in the model. We used R 3.3.3 software (R Core 
Team 2017) for all statistical analyses. GAMLSS were run using the gamlss R-
package. Values are expressed as the mean ± standard deviation (X̅ ± SD).  
 
4.3.6 Compliance 
 All research followed guidelines of the American Society of 
Mammalogists for the ethical use of wild animals in research (Sikes et al. 2016) 
and was conducted in compliance with the research protocol approved by the 
Research Ethics Committee for Experimentation in Wildlife at the Dirección 
General de Flora y Fauna Silvestre from Peru (License 0229-2011-DGFFS-
DGEFFS), by the Instituto Chico Mendes for Biodiversity Conservation from 
Brazil (License SISBIO No 29092-1), and by the Committee on Ethics in 
Research with Animals of the Federal Rural University of the Amazon (UFRA 




4.4.1 Ripe fruit availability 
 We sampled 589 trees and vines in 8,970 m² of upland forests, and 386 
trees and vines in 5,150 m² of swamp forests. Fruiting patterns in the YMR 
varied according to habitat type. In upland forests, fruiting trees were present 
throughout the year, with peaks in March (6.62% plants fruiting) and December 
(4.68% plants fruiting; Figure 2). In swamp forests, fruiting peaked between 
February and May (6.12 ± 0.83% plants fruiting), with no trees fruiting in 
September and October. Mauritia flexuosa showed marked fruiting during the 
low rainfall period (May - August), with the highest number of fruiting trees 
recorded in June (34.21%); no fruits were observed during the remaining 
months of the year (Figure 2). Upland forest fruiting was positively correlated 
with rainfall (Figure 3, Table 1), but there was no correlation between rainfall 
and M. flexuosa or swamp forest fruiting (Table 1).  
Figure 2. Trends in (A) rainfall (dashed line) and percentage of trees bearing 
fruits in upland forests (solid line) and swamp forest (dotted line); and (B) rainfall 
(dashed line) and percentage of M. flexuosa trees bearing fruits (solid line) 













Figure 3. Relationship between 
rainfall (mm) and percentage of 
trees bearing fruits in upland 
forests in the Yavarí-Mirín River, 
western Amazonia. The gray area 
represents 95% confidence 
intervals. The response variable is 
plotted on the y-axis in a scale of 
variation around the mean (µ = 0) 
calculated from the original data 
used to build the model.  
 
 
4.4.2 Paca reproductive seasonality 
 There were 157 (52.3%) pregnant pacas among all sampled females, 
100 (47.2%) in the YMR and 57 (64.8%) in ASDR (Figure 4). Average fetal 
length was 11.30 ± 10.58 cm in the YMR and 17.43 ± 9.74 cm in the ASDR, 
with a significant difference between sites (t155 = 3.59, P < 0.01). Paca 
reproductive events occurred during different periods of the year in the 2 study 
sites. In YMR, conceptions occurred mainly between October and January 
(50.0%), while parturitions primarily took place between March and June 
(49.0%). In ASDR, most conceptions occurred between March and June 
(45.6%), while most parturitions happened between August and November 
(42.1 %; Figure 5). Nevertheless, conceptions and parturitions occurred 
throughout the year in both sites. There was a positive relationship between 
conceptions and rainfall in both study sites (Figs. 6A and B), but there was a 
negative relationship between conceptions and fruiting in upland forests in the 
YMR (Figure 6C; Table 1). Pregnancy rates were positively associated with 
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fruiting in upland forest (Figure 6D), while the higher weaning rates were related 
to higher fruiting periods in swamp forest (Figure 6E) and of M. flexuosa (Figure 
6F, Table 1). On the other hand, there was no relationship between parturition 
and fruiting in any environment (Table 1).  
 
Figure 4. Number and percentage of lowland paca (Cuniculus paca) samples 
that included a uterus showing signs of pregnancy, collected in each month 
over the monitoring years in the Amanã Sustainable Development Reserve 





Figure 5. Trends in (A, B) the percentage of paca conceptions (dashed gray 
lines) and parturitions (solid black lines); and (C, D) average river water level 
(dashed lines) and percentage of pregnant female pacas (solid lines) along the 
year in the Amanã Sustainable Development Reserve (ASDR) and Yavarí-Mirín 
River (YMR), Amazonia. 
 
4.4.3 Hunting vulnerability of pregnant pacas 
 A total of 803 harvested paca females were recorded in the communities, 
288 in the YMR and 515 in the ASDR. Hunting rates varied between months, 
which were cyclical along the years (Figs. 7A and B) and showed a positive 
relationship with the river water level in both study sites (Figs. 7C and D, Table 
1). A strong positive relationship between hunting rates and pregnancy rates 
was observed (Figs. 7E and F, Table 1). There were no relationships between 




Figure 6. Relationship between (A) rainfall and the percentage of paca 
conceptions in the Amanã Sustainable Development Reserve, central 
Amazonia; (B) rainfall and percentage of paca conceptions in the Yavarí-Mirín 
River, western Amazonia; (C) percentage of trees bearing fruits in upland forest 
and percentage of paca conceptions in the Yavarí-Mirín River, western 
Amazonia; (D) percentage of trees bearing fruits in upland forest and pregnancy 
rate in the Yavarí-Mirín River, western Amazonia; (E) percentage of trees 
bearing fruits in swamp forest and percentage of weaned offspring, and (F) 
percentage of M. flexuosa trees bearing fruits and percentage of weaned 
offspring in the Yavarí-Mirín River, western Amazonia. The green area 
























Figure 7. Temporal trends of the river water level and hunting rates (monthly 
percentage of harvested females within each year) in the (A) Amanã 
Sustainable Development Reserve, and (B) Yavarí-Mirín River, in Amazonia. 
Relationship between river water level and hunting rates in the (C) Amanã 
Sustainable Development Reserve and (D) Yavarí-Mirín River, in Amazonia. 
Relationship between pregnancy rate and hunting rates in the (E) Amanã 
Sustainable Development Reserve and (F) Yavarí-Mirín River, in Amazonia. 
The gray area represents 95% confidence intervals. Response variables are 
plotted on the y-axis in a scale of variation around the mean (µ = 0) calculated 





4.5.1 Paca reproductive seasonality and fruit availability 
 Although pregnant females were present year-round in our study sites, 
most pregnancies occurred during periods of greater fruit availability in upland 
forests, when rainfall was highest.  The greater food supply during this period 
can sustain larger numbers of pregnant females. When most females are in 
their last third of gestation, a period of greatest absolute fetal growth and when 
pregnant individuals demand more energy, fruit availability is, in fact, at its peak. 
A similar pattern has been observed for the ring-tailed coati (Nasua nasua) 
where the gestation period, concentrated between November and March, 
coincided with greater fruit availability in upland and swamp forests in the YMR 
(Mayor et al. 2013a). However, mammals with less selective diets are 
aseasonal breeders, as in the case of the white-lipped peccary (Tayassu 
pecari), collared peccary (Pecari tajacu), and the red brocket deer (Mazama 
americana) (Mayor et al. 2009, 2010, 2011), because these species consume 
green leaves, insects, and small vertebrates when fruit is less available (Dubost 
and Henry 2017). This pattern has also been confirmed by Dubost and Henry 
(2017) in French Guiana, who showed that mammals that consume more fruits 
were highly seasonal breeders. 
 
4.5.2 Changing energy demands and seasonality in food supply 
 There is evidence from Amazonia that a seasonal increase in rainfall 
triggers fruit maturation in several habitat types, including non-flooded forests 
(Haugaasen and Peres 2005). Since rainfall and river water levels vary in 
different regions of the Amazon, reproductive events of the paca occur at 
different phases of the year in each of our studied sites, according to local 
variations in climate and fruit production. Paca reproduction is therefore plastic 
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and opportunistically seasonal (Mayor et al. 2013b). Thus, for fruit-dependent 
species, rainfall, in contrast to photoperiod, may drive conceptions to take place 
some months prior to fruit ripening, and pregnancies and births will coincide 
with the period of higher fruit abundance. The observation made by Dubost and 
Henry (2006) that non-pregnant pacas consumed less seeds than pregnant 
animals also suggests that conceptions occur during periods of low food 
availability so that pregnancies mostly occur during periods of higher fruit and 
seed availability. Our results also show that the greatest number of conceptions 
occurred when fruit availability in upland forests was low; pregnant pacas could 
take advantage of the subsequent periods of greater food supply. Similarly, in 
free-ranging, provisioned rhesus macaques (Macaca mulatta) on islands in 
Puerto Rico, more conceptions occurred during the spring rainfall period, just 
before the main tree-fruiting season (Rawlins and Kessler 1985). 
In Amazonia, swamp forest species and M. flexuosa in particular (the 
most important source of food during the drought period) play a major role in 
sustaining lactating females and their young, which start weaning during the 
low-water period.  Since during lactation females consume up to 5 times more 
food than before pregnancy (Randolph et al. 1977), the availability of ripe fruits 
during this period is of extreme importance. For several species of flying foxes 
(Pteropus spp.), O'Brien (1993) showed that lactation and offspring weaning 
occur during periods when fruit supply is at its peak. In addition, Lee et al. 
(2017) showed that giraffe (Giraffa camelopardalis) calves born during the dry 
season in Tanzania had a higher survival probability due to the greater energy 
reserves accumulated by mothers during the rainy season as well as the higher 




4.5.3 Hunting and reproduction in quarry species 
 Different prey can cope with human harvest according to their population 
dynamics and biological capacity (Cardillo et al. 2005), but their patterns of 
reproduction reflect their response to environmental and human disturbance. 
Predator–prey systems often co-evolve slowly through generations by the 
action of natural selection, with the appearance of phenotypical and behavioral 
traits in prey species that avoid their extinction (Kooijman and Lika 2014). 
However, the current reproductive strategies in wild species are not adapted to 
the typically more intensive levels of human predation, especially when hunting 
is directly impacting pregnant females and affecting the species’ recruitment 
potential. 
Water levels and hunting rates were shown to have a similar cyclical 
pattern over the period of 15 years for which data were available. Other studies 
in the Amazon basin have also demonstrated that hunters maximize their 
captures by taking into account seasonal water level changes (Kvist et al. 2001; 
Endo et al. 2016). This temporal convergence between heavier hunting and 
pregnancies in pacas is thus likely to adversely impact the species’ population 
dynamics. A probable indication that hunting of pregnant paca females during 
high-water periods may affect populations of the species is available for the 
ASDR, where Valsecchi et al. (2014) demonstrated that paca hunting is 
unsustainable and the species’ abundance at this site significantly dropped over 







Table 1. Details of the best-fit models using GAMLSS for each response 
variable, with the family of distribution, ΔAIC in relation to the null model (∆AIC 
null), and generalized R2. Non-linear effects were fit using cubic spline (cs) 
functions provided by gamlss R-package. Families of distributions are 
represented by log-Normal (LOGNO), Normal (NO), Zero-Adjusted Gamma 
(ZAGA), Gamma (GA), Box-Cox t (BCTo), inverse Gaussian (IG), Gumbel 
(GU), Inverse Gamma (IGAMMA) and reverse Gumbel (RG). Generalized R2 
were calculated using the function Rsq of the gamlss package. Null models are 
indicated by 1. 
 aabbreviations for plants fruiting – U.F.: upland forest; S.F.: swamp forest; M.f.: 
Mauritia flexuosa. 









R² Response variables Predictor variables 
Yavarí-Mirín River  
     
Fruiting  
     
    intercept +  -0.4638 0.29    
    % plants fruiting 
U.F. 
 cs(rainfall) 0.0068 0.011 LOGNO 
(identity) 
5.45 62.0 
    intercept +  3.3163 <0.001    
    % plants fruiting 
S.F. 
1 - - NO (identity) 0 
 
    intercept +  3.2189 <0.001    




      
    intercept +  0.8665 0.085    
    % conceptions rainfall 0.0083 0.011 LOGNO 
(identity) 
3.97 48.5  
% plants fruiting U.F. -0.2147 0.027 
  
    intercept +  2.120 <0.001    
    % parturitions 1 - - IG (log) 0 
 
    intercept +  6.1337 <0.001    
    % weaned offspring % plants fruiting S.F. 0.6945 0.009 GU (identity) 11.95 73.5  
% plants fruiting M.f. 0.0972 0.041   
    intercept +  1.8672 <0.001    
    pregnancy rate cs(plants fruiting 
U.F.) 




      
    intercept +  2.3929 <0.001    
    hunting rates water level 0.0541 0.033 ZAGA (log) 6.02 6.7  
pregnancy rate 0.2239 0.003        
Amanã Reserve 
      
Paca reproductive 
events 
      
    intercept +  0.3517 0.83    
    % conceptions cs(rainfall) 0.0333 0.001 RG (identity) 3.97 53.6 
Paca hunting 
      
    intercept +  -0.9121 0.11    
    hunting rates water level 0.1020 <0.001 ZAGA (log) 7.22 29.1  
pregnancy rate 0.2223 <0.001 
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4.5.4 Management implications 
 Pacas provide the largest proportion of wild meat consumed by local 
populations and even urban dwellers in the Amazon (Bodmer and Lozano 2001; 
Suárez et al. 2009; van Vliet et al. 2015). However, the species has a relatively 
low reproductive output, in which females only produce 1 young per pregnancy 
(Mayor et al. 2013b; El Bizri et al. 2017, Mayor et al. 2016). The results 
presented here highlights the necessity for developing sustainable harvest 
strategies that are compatible with the target species’ life history and their 
reproductive patterns. These strategies could include focusing hunting efforts 
on males or reducing hunting during the pregnancy season. However, avoiding 
hunting pacas during high water levels may not be possible for hunters. During 
the flooded period, fishing becomes difficult and hunting becomes the main 
source of meat supply during this period (Valsecchi et al. 2014; Endo et al. 
2016), thus making it unlikely for a shift away from hunting pacas during the wet 
season. On the other hand, since male pacas can fertilize several females, 
hunting males exclusively during the high-water period, when pregnant females 
are more common, is feasible since rural Amazonian hunters pursue pacas by 
“spotlighting” (Valsecchi et al. 2014), thus permitting the identification of the sex 
of the animal and even the pregnancy stage of females (H. R. El Bizri, pers. 
obs.).   
Another strategy to improve the state of hunted paca populations is to 
encourage the use of rotating hunting areas over the years or to protect areas 
during the hunting season that could act as refugia for females. This strategy 
would create a source-sink system where protected grounds would function as 
sources of individuals to repopulate areas depleted by hunting. This strategy 
has already been advocated as efficient to conserve species such as the culpeo 
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fox (Pseudalopex culpaeus) in the Argentine Patagonia (Novaro et al. 2005) as 
well as ungulates in the Neotropics (Novaro et al. 2001; Naranjo and Bodmer 
2007). A similar approach was effectively applied to recover giant Arapaima 
(Arapaima gigas) populations by encouraging community-based source-sink 
schemes; this system is now successfully applied throughout the Amazon 
(Campos-Silva et al. 2017). Here, we argue that source-sink systems could be 
equally applied for pacas. However, as all systems, these also need to be 
continuously monitored and adapted especially because the demand for paca 
meat is likely to increase in line with human population growth. Thus, additional 
measures such as setting quotas of the paca population that can be harvested 
per family, hunter, or community may be needed. Finally, since palm species 
are essential for pacas, and probably other Amazonian species, to achieve their 
highest reproductive potential, actions focused on conservation of swamp forest 
palm species, which are largely exploited by humans (Peters et al. 1989; Rull 
and Montoya 2014), are also critical. 
Due to the fact that most hunting in Amazonia is determined by the 
annual variation in river water level, we argue that the impact we have observed 
in pacas could be mirrored in other species, and hence might affect the 
sustainability of wild meat, so vital for numerous inhabitants. Accordingly, 
strategies that ensure the sustainability of hunted Amazonian species must be 
based on reproductive information to minimize the impact on their populations 
when they are most vulnerable. 
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 Generation length (GL) of a mammal, calculated through the age at 
sexual maturity, first reproduction and reproductive senescence can be used to 
assess the capacity of a population of a species to withstand differing amounts 
of hunting pressure by humans without depletion of animal numbers. Due to the 
lack of reproductive data for wild mammals, the GL is often difficult to determine 
for most species. In the present study, the GL parameters were assessed for 
the wild lowland paca (Cuniculus paca) from a sample of 119 female genitalia 
obtained during a 15-year hunter participatory program in the Amazon. The 
probability of female pacas being sexually active, with observable ovarian 
functionality or pregnancy, increased as both body and genitalia masses 
increased. The average body mass at puberty was 5.46 kg. Puberty was 
estimated to occur at 4 months of age, from which there was estimation when 
age at first parturition would occur 9 months after birth. Additionally, there was 
no indication that there was a decrease in parturition rate at more advanced 
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ages. The estimated age of first reproduction for pacas was much less than 
previous estimates, most from assessments of captive animals. In addition, 
because there was no evidence of reproductive senescence, it is suggested 
that the average age of mature hunted pacas should be used to determine 
optimal harvesting rates of pacas by humans. The present study highlights the 
importance of in situ studies on reproduction of animals in their natural habitat 
because these will yield more accurate reproductive variable estimates than 
those obtained from captive animals. It is suggested that similar methods be 
used to accurately assess reproductive parameters of other tropical species that 
are hunted by humans. 
 
5.2 Introduction 
 Generation length (GL) for mammals has been defined as the “average 
age of parents of the current cohort” (IUCN 2001, 2012a), and the “age at which 
half of total reproductive output is achieved by an individual” (IUCN 2004); the 
latter calculated as the average age at which reproduction occurs first and last 
in an animal’s life. The GL has been used as a reference time-frame in a 
multitude of ecological analyses to assess a species extinction risk (Gaillard et 
al. 2005; Perry et al. 2005; Jiguet et al. 2007; Mace et al. 2008; IUCN 2012b). 
An accurate estimation of the GL of any species is also important in determining 
its capacity to withstand additional death losses imposed by humans.  
 Although GL is often difficult to determine due to the paucity of detailed 
reproductive data from species in their natural habitat, overall patterns are 
based on published metrics as well as taxonomic and allometric species 
relationships (e.g., Di Marco et al. 2012; Pacifici et al. 2013). Long-lived species 
are usually characterized by having a large body size, relatively lower 
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reproductive rates, slower sexual maturation, greater parental care and a long 
GL (Clutton-Brock 1998; Andrade et al. 2017). Long-lived species are especially 
vulnerable to hunting pressures; short-lived species of smaller body size, 
greater reproductive rates, earlier puberty and a shorter GL are generally more 
resilient to human hunting pressure (Peres 2000; Jerozolimski and Peres 2003; 
Smucny et al. 2004; Nasi et al. 2008; Ripple et al. 2016, 2017). 
 Reproductive variables, including the GL of game species, are important 
elements in most mathematical models used for assessing the capacity of a 
species’ population to withstand hunting by humans at a sustainable level over 
time (Weinbaum et al. 2013). For example, the intrinsic rate of population 
increase of a species, rmax, is calculated based on the annual birth rate of 
female offspring, age at first parturition, and age at last parturition during its 
lifetime (Cole 1954), and is useful in predicting how a target species may 
respond to various harvesting levels (Greene et al. 1998). Gathering empirical 
data on the reproductive variables of hunted wild species is laborious. This has 
meant that rmax calculations for most game mammals are based on measures 
derived from captive animals (Robinson and Redford 1986).  
 While data from captive animals are important and can be useful, 
reproductive variables may differ from populations in their natural habitat due to 
differences in stress levels, lack of natural predation and diseases, and the 
constancy of resources, mates and territories. Accordingly, if values for 
reproductive variables from captive animals are used in hunting assessments, 
they can under or overestimate the numbers of animals that can be sustainably 
harvested from populations (Miller-Gulland and Akçakaya 2001). In a study of 
ten Amazonian mammals, wild populations of five species had birth rates that 
were less than those derived from captive animals (Mayor et al. 2017). 
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Furthermore, values for reproductive variables currently used to calculate GL 
such as age at the time of an animal’s first and last parturition can differ from 
estimates for captive animals and, therefore, the data are not reliable for 
population sustainability assessments. 
 The lowland paca (Cuniculus paca) is a large-sized rodent, currently the 
most hunted Neotropical species (El Bizri et al. 2015, 2016). Paca reproduction 
has been extensively studied in captivity for about five decades (see Kleiman et 
al. 1979; Pérez and Hernandes 1979; Matamoros and Pashov 1984; Smythe 
1991). The paca is a polyestrous species with spontaneous ovulation and an 
estrous cycle of 32.5 (± 3.69) days that breeds throughout the year in captivity 
(Guimarães et al. 2008). Additionally, the paca is a uniparous species with rare 
cases of twin gestations (Pérez and Hernandes 1979; Meritt 1989; Oliveira et al. 
2003; Oliveira et al. 2007). In the Amazon, the lowland paca in its natural 
habitat has 1.37 to 1.48 annual parturitions that are seasonally distributed 
depending on the amounts of fruitification and river water, with a long estimated 
farrowing interval of 247 to 266 days (Mayor et al. 2013; El Bizri et al. 2018). 
 In contrast to captive studies, little reproductive data are available for wild 
pacas. For example, the age at first parturition used for rmax calculations, 365 
days (Robinson and Redford 1986; Collet 1981) is known to vary between 225 
and 703 days (Merrit 1989; Smythe 1991; Nogueira et al. 2006; Belaunde 2008; 
Guimarães et al. 2008). Because most estimates were obtained from captive 
populations, this variation may be explained by using differing diagnostic 
methods and environmental conditions in studies that can affect the behaviour 
and physiology of the animals. In contrast, an analysis of paca female 
reproduction for animals in their natural habitat was conducted using dental 
cementum and these animals reached a maximum age of around 12.5 years, 
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and were still reproductively active (Colett 1981). There is no further detailed 
information on the decrease of reproduction capacity with aging (i.e., age of 
reproductive senescence) in pacas and other Neotropical game mammals, and 
few studies have been conducted to investigate reproductive variables by direct 
examination of reproductive organs. 
 In the present study, there was examination of a large sample of genitalia 
of wild lowland paca females, from which there were calculations of age at 
sexual maturity and first parturition. From these data, there was also an 
investigation of whether there was reproductive senescence in the species. 
These refinements allowed for the discussion of potential effects of using new 
GL values on the results of models assessing sustainable harvest rates of wild 
lowland paca populations for human purposes.  
 
5.3 Materials and Methods 
5.3.1. Study sites   
 Materials used in this study were obtained from two study sites, the 
Yavarí-Mirín River (YMR, 04º19’53” S; 71º57’33” W) and the Amanã 
Sustainable Development Reserve (ASDR, 01º54’00” S; 64º22’00” W). The 
YMR is located in the Western Amazon, and encompasses 107,000 ha of 
continuous upland forests with one single indigenous community of 307 
inhabitants. The ASDR is a 2,313,000 ha reserve of predominantly upland 
forests in the Central Amazon, between the Negro and Japurá Rivers. 
Approximately 4,000 riverine people inhabit 23 communities and some isolated 
settlements within ASDR. In both areas, local residents rely mainly on 
agriculture for income and on hunting and fishing for subsistence. The climate in 
both study areas is typically equatorial with annual temperatures ranging from 
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22 to 36ºC, relative humidity of 80%, and annual rainfall between 1500 and 
3000 mm. 
 
5.3.2 Biological material and data collection 
 Local hunters from the one community in the YMR and from five 
communities in the ASDR were trained to remove abdominal and pelvic organs 
from hunted animals and to store these in buffered 4% formaldehyde solution 
(v/v). From 2000 to 2016, local hunters collected and voluntarily donated 
genitalia from a total of 119 female pacas; 44 in the YMR and 75 in the ASDR. 
All genitalia were individually labelled with the hunting date and the specimen’s 
body mass.  
 In addition, between 2002 and 2015, hunters in the ASDR recorded data 
from all pacas onto datasheets (n = 1027), including sex, body mass and date 
harvested. Only data related to females (n = 522) were utilized in the present 
study. All research was conducted in compliance with the research protocol 
approved by the Research Ethics Committee for Experimentation in Wildlife at 
the Dirección General de Flora y Fauna Silvestre from Peru (License 0350-
2012-DGFFS-DGEFFS), by the Instituto Chico Mendes for Biodiversity 
Conservation from Brazil (License SISBIO No 29092-1), and by the Committee 
on Ethics in Research with Animals of the Federal Rural University of the 
Amazon (UFRA CEUA protocol 007/2016). 
 
5.3.3 Laboratory procedures 
Genital organs of females were examined for evidence of conceptuses. 
In addition, the two ovaries of non-pregnant females were sliced and analyzed 
using a magnifying glass to evaluate the presence of ovarian structures: 
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corpora lutea (CL) and antral follicles larger than 2 mm. Two classes of sexually 
active females were defined: i) pregnant females with conceptuses (i.e., 
pregnant females); and ii) non-pregnant females with at least one CL and/or 
large antral follicles (i.e., non-pregnant estrous cycling females) (Mayor et al. 
2013).  In contrast, non-pregnant females without a CL or large antral follicles 
were considered to be anestrous.  
The tubular genital organs (uterine horns, cervix and vagina) of non-
pregnant females as well as the conceptuses of pregnant females were 
weighed using a digital weigh scale (0.1 g accuracy; characterized as genitalia 
mass). Uterine characteristics of pregnant females were not assessed. 
 
5.3.4. Data analysis 
  A one-way ANOVA with a post-hoc Tukey test was used to assess 
whether the average body mass differed among anestrus, estrous cycling-non-
pregnant and pregnant females, including the body mass of pregnant females 
with and without the conceptus mass. A T-test was used to compare the uterine 
mass between anestrus and estrous cycling females. Generalized Additive 
Models for Location, Scale and Shape (GAMLSS) (Stasinopoulos and Rigby 
2007) with the binomial distribution were used to assess the likelihood of 
females being sexually active (estrous cycles or pregnancy occurring) based on 
the body mass for all females in the study and to the genitalia mass for non-
pregnant females.  
 Using the probability curve that was developed, there were calculations 
of the body mass of individuals with a 75% probability of initiation of estrous 
cycles as a result of pubertal onset and considered this as the average at which 
most pacas would become pubertal (i.e., pubertal females). There was also 
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calculation of the body mass at which there was a 50% and 100% probability of 
puberty occurring, using these as the minimum and maximum range of body 
mass for puberty to occur in females, respectively. There was a subsequent 
classification as pubertal females of all female pacas that were harvested in the 
ASDR that were within this body mass range. There was a cross-correlation of 
the monthly percentages of births in pacas as reported by El Bizri et al. (2018) 
with the percentages of harvested females that were pubertal to estimate the 
best fitted time-lag (in months) corresponding to the onset of puberty. The 
GAMLSS were then used to assess the relationship between the percentage of 
harvested pubertal females corrected by the selected time-lag and the 
percentage of births. The same analysis was used to assess the relationship 
between conceptus mass and pregnant female mass.  
To assess whether there is reproductive senescence or a decrease in 
reproductive rate with advancing age, the GAMLSS analysis was used to 
evaluate the relationship between the individual body mass of non-pregnant 
females and the genitalia mass, both in absolute values and relative percentage 
in relation to the body mass. The existence of an asymptote or decrease in 
genitalia mass in females with greater body mass may indicate the cessation of 
capacity to become pregnant at a certain body mass value. 
 In all GAMLSS models, linear or non-linear relationships and different 
families of distribution were tested. Families of distribution and final models 
were selected based on ∆AIC values (Burnham and Anderson 2004), in which 
∆AIC < 2 indicated best fit models. Among the best fit models, those with higher 
coefficient of determination (R²) obtained using the Rsq function were selected. 
In addition to the AIC ranking, normal distribution of the residuals (Q-Q Plot) 
was also checked for selecting the best-fitted family of distribution. The R 3.3.3 
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software (http://www.Rproject.org/) was used for all statistical analyses, and 
GAMLSS models were tested using the gamlss R-package.  
5.4 Results 
5.4.1 Ovarian structure determinations, genitalia mass and pregnancy diagnosis 
 Among the females (n = 111) for which there were ovarian structures 
detected that indicated there had been onset of estrous cycles and in which 
there was pregnancy diagnoses, there were nine that were anestrous (8.1%) 
and 102 (91.9%) that had initiated estrous cycles. Among females that were 
post-pubertal, 18 (17.6%) were non-pregnant and 84 (82.4%) were pregnant 
(Figure 1). Post-pubertal females had a larger body mass (7.4 ± 1.8) compared 
to anestrous females (4.2 ± 1.6 kg; F = 18.36, df = 3, P<0.0001), however, there 
was no difference between post-pubertal non-pregnant and pregnant females 
when assessments were made with or without conceptus mass (t = 0.86, df 
=166, P = 0.39). 
Figure 1. Distribution of number and percentage of lowland paca female 
genitalia samples according to their reproduction activity diagnosed through 
ovarian activity and pregnancy (N = 111) along the increase in female body 




 Estrous cycling females had a larger genitalia mass compared to 
anestrous females (t = 3.22, df = 25, P = 0.0035; Table 1). Ovarian structures, 
indicating there had been onset of estrous cycles, were observed in pacas with 
greater than 5 kg of body mass, and all females with more than 65 g of genitalia 
mass had ovaries that contained a corpus luteum or large follicles. In addition, 
the probability of female pacas being estrous cycling increased with an increase 
in both body and genitalia masses (Figure 2, Table 2).  
 
 
Figure 2. Probability of reproductive tracts being sexually active (estrous 
cycling or pregnant) in the lowland paca (Cuniculus paca), diagnosed A - by the 
presence of ovarian structures or pregnancy according to body mass; and B - 
by the presence of ovarian structures according to genitalia mass. 
 
5.4.2 Age at sexual maturity, first parturition and onset of reproductive 
senescence 
 Based on the curve between body mass and the probability of females 
being sexually active (estrous cycling or pregnant) (Sexual activity = e(-
11.36+2.28*Body mass)/1+ e(-11.36+2.28*Body mass)), there were calculations of the average 
143 
 
body mass at the time of puberty to be 5.46 kg (75% of probability), ranging 
from 4.98 kg (50% of probability) to 6.73 kg (~100% of probability).   
 
Table 1. Categorization of females based on the presence of pregnancy and 
ovarian structures that are indicative of the onset of estrous cycles along with 
number of samples and comparison of mean body mass and mass of tubular 
genital organs; Distinct letters between values within the same column indicate 
differences P<0.05 
 
Using the probability curve, there was a determination of the number and 
percentage of pubertal females among all pacas harvested in the ASDR. 
Monthly percentage of pubertal females peaked in March (24.0%), August 
(20.9%) and September (25.8%) (Figure 3). There was a positive relationship 
between percentage births and percentage pubertal females with a -4 months 
time lag (r2 = 0.31; Figure 4; Table 2). There was also a positive relationship (r2 
= 0.28) between conceptus mass and pregnant female body mass (Figure 5, 
Table 2). Similarly, in non-pregnant estrous cycling females there was an 
obvious non-linear positive relationship between body mass and the absolute 
and relative genitalia mass (Figure 6, Table 2).  




mass (kg) ± SD 
Mean genitalia 
mass (g) ± SD 
Non-pregnant Inactive 9 4.2 ± 1.6a 20.96 ± 13.16a 
Active 18 7.4 ± 1.8b 46.69 ± 21.92b 
Pregnant without conceptus 
mass 
Active 84 8.0 ± 1.5b - 
Pregnant with conceptus mass Active - 8.2 ± 1.5b - 
     
Non-pregnant Unidentified 8 - - 
Overall - 119 7.6 ± 1.9 40.61 ± 25.68 
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Figure 3. Temporal trend in the monthly percentage of paca births (solid red 
line) based on El Bizri et al. (2018) and monthly percentage of hunted pubertal 
females without time lag (solid blue line) and with a -4 month time lag (dashed 





















Figure 4. Association between the percentage of pubertal females and the 
percentage of births with a -4 month time lag in the Amanã Sustainable 
Development Reserve; response variable is plotted on the y-axis in a scale of 
variation around the mean (µ = 0) calculated from the normalized residuals 














Figure 5. Relationship between conceptus and body mass of pregnant females; 
response variable is plotted on the y-axis in a scale of variation around the 
mean (µ = 0) calculated from the normalized residuals used to develop the 
model. 
 
Figure 6. Relationship between body mass and A - absolute mass of tubular 
genital organs and B – relative genitalia mass of non-pregnant pacas in 
Amazonia (n = 35); Red dots: anestrous females (n = 9); blue dots: estrous 
cycling females (n = 18); green dots: ovarian characteristics unidentified due to 
lack of ovaries (n = 8); dashed line represents the average absolute genitalia 
mass (40.61 g) and average relative genitalia mass (0.006%), while the y-axis is 
in a scale of variation around the mean (µ = 0) calculated from the normalized 







Table 2. Details of the best-fit models using GAMLSS for each response 
variable, with the family of distribution, delta AIC in relation to the null model 
(∆AIC null) and generalized R2 Non-linear effects were fit using penalized beta 
splines (pb) and cubic smoothing splines (cs) functions provided by gamlss R-
package; Families of distributions are represented by Binomial (BI), Gumbel 
(GU), Weibull (WEI3), Generalized Gamma (GG) and Box-Cox t original 





 Reproductive variables such as age at sexual maturity, age at first 
parturition and decreased reproductive rate as a result of aging in a game 
species are important for determining the sustainability of populations of hunted 
species. In the present study, it was possible to obtain more realistic measures 
of these variables by using genitalia of animals that were harvested in their 








R² Response variables Predictor 
variables 
Sexual activity       
Presence of ovaries’ 
structures/pregnancy 
Body mass (kg) 2.281 0.0035 BI 37.71 30.07 




0.097 0.0286 BI 8.82 33.01 
% Hunted pubertal 
females – 4 months 
% Births 0.766 0.0376 GU 2.53 31.42 
Pregnancy       




0.00033 <0.0001 WEI3 19.30 27.58 
Reproductive 
senescence 








cs(Body mass) 0.114 <0.0001 BCTo 18.51 53.11 
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natural habitat. Ovarian functionality was initiated in pacas that had about 5.5 kg 
of body mass. There was determined that these pubertal pacas would have 
about 4 months of age. In addition, all females larger than 6.5 kg were pregnant 
or had ovaries that did contained a corpus luteum and/or large follicles 
indicating there had been onset of estrous cycles, thus all pacas with these 
ovarian structures or pregnancy were considered to be sexually mature. If a 
pregnancy length of 149 days is considered (Guimarães et al. 2008), first 
parturition in the pacas in their natural habitat would occur from 9 months of age 
onwards. This is much earlier in life than most of these previous estimates for 
this species where parturition on the average was estimated to occur at about 1 
year of age (Collett 1981; Merrit 1989; Smythe 1991; Nogueira et al. 2006; 
Belaunde 2008; Guimarães et al. 2008). 
Although this estimate indicates that sexual maturity happens earlier in 
life than was previously thought to occur, this value is validated by body mass 
growth curves for pacas. Available body mass growth curves indicate that the 
female paca would weigh 4.54 (Collett 1981), 4.65 (Rodríguez and Arroyo 
2008), 5.15 (Belaunde 2008), or 8.35 (Santos et al. 2006) kg at 4 months of 
age. Realizing that there is a broad range in body weights in these various 
studies, the average of these values (5.67 kg) is consistent with the estimated 
average body mass for pubertal females in the present study (5.46 kg, 75% of 
maturity probability). Furthermore, pacas are considered precocial, having a 
longer gestation period and a relatively greater intrauterine fetal development 
than several other rodent species. This results in pacas giving birth to well-
developed neonates that are relatively independent in their extra-uterine life and 
with a lesser need for parental care (El Bizri et al. 2017). In precocial species, 
there is a relatively greater metabolic energy utilization during pregnancy with 
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compensation occurring as a result of less time devoted to lactation and 
offspring care, leading to earlier maturity of the offspring (Derrickson 1992; 
Martin et al. 2005). It is, therefore, unlikely that female offspring would require a 
long maturation period before the time of pubertal onset and ultimately 
pregnancy occurring. 
Previous studies of reproduction of lowland pacas have been conducted 
using captive animals, so differences between age at sexual maturity and first 
parturition in the present and past studies may be related to this difference. For 
example, although pacas are solitary in the wild, animals have been maintained 
in large colony groups of males and females in some studies. In these 
situations, first parturitions have been recorded between 14.9 and 23.4 months 
of age (Merrit 1989; Perez-Torres 1996; Belaunde 2008). The grouping of 
animals has been imposed in confinement to enhance the reproductive 
performance in several hystricomorphs. In colonial hystricomorph rodents, such 
as the wild cavies, Cavia aperea, and domestic guinea-pig, Cavia aperea f. 
porcellus, puberty occurs in captive females in the presence of males more than 
15 days before those housed without males (Trillmich et al. 2006). Furthermore, 
maintaining individuals in large groups may also result in suppression of 
reproductive functions (Wasser and Barash 1983; Kaplan et al. 1986; Abbott et 
al. 1988).  
In many rodents, reproductive suppression is a consequence of the 
relatively lesser concentrations of luteinizing hormone (Faulkes et al. 1990), 
urinary chemo-signals or pheromones (Brown and MacDonald 1984), or by 
hierarchical competition where a dominant individual induces stress in 
subordinates through agonistic behavior. Wild Cape ground squirrel (Xerus 
inauris) females in large groups have a delayed sexual maturation compared to 
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those in smaller groups (Waterman 2002). This reproductive suppression 
occurs in both captive and wild colonies and it appears as though naked mole-
rat (Heterocephalus glaber) females in large group environments are 
reproductively suppressed for their entire lifespan as a result of relatively lesser 
concentrations of luteinizing hormone than breeding females (Faulkes et al. 
1990). In addition, other factors such as photoperiod, temperature and feeding 
habits in captivity can affect reproduction and may differ substantially from what 
occurs in the animal’s natural habitat (Trillmich 2000). Thus, it is likely that these 
factors contribute to a delayed sexual maturation in the captive lowland paca.   
The present study is the first in which there has been an attempt to 
assess the onset of reproductive senescence of pacas in their natural habitat 
using characteristics of reproductive organs as the biological markers to do so. 
There was no indication, based on findings in the present study, of reproductive 
senescence because there was no asymptote of genitalia mass or absence of 
structures indicative of onset of estrous cycles in ovaries in large females. 
There was a consistent positive relationship between body weight and uterine 
mass of lowland pacas in the present study, thus, there were no indications of 
uterine involution occurring in the older pacas, at least in hunted populations. 
The largest females in the present study were pregnant at the time tissues were 
collected. These findings indicate pacas can reproduce as their age advances, 
and possibly at a high rate. This interpretation is plausible considering there is 
not generally a post-reproductive female lifespan in mammals with this being 
limited to humans and a few species of toothed whales (Ellis et al. 2018). 
Consistent with findings in the present study there have been estimates of 
lowland paca age in a previous study through dental enamel analyses. Findings 
indicated that when there was not hunting of wild pacas by humans in their 
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natural habitat sites in Colombia, these pacas could be 12.5 years of age and 
still be reproductively active, while the maximum recorded age was 8 years in 
sites where harvesting of pacas for human purposes occurred (Collett 1981). 
This means that senescent paca females are unlikely to exist in hunted 
populations because larger, and therefore older, individuals are generally 
harvested for human purposes. These factors can have a substantial effect 
when considering the effect of paca hunting on population sustainability 
assessments. 
In biological terms, to determine whether there is reproductive 
senescence in pacas, in-depth studies of pacas in their natural habitat should 
be conducted because the captive environment may result in an improved 
fitness and longer lifespan. For example, grey mouse lemur (Microcebus 
murinus) females lived 50% longer in captivity than females in their natural 
habitat (Hämäläinen et al. 2014). In addition, there needs to be further studies 
conducted where there is assessment of more precise age data (from skulls) 
and maturity information from ovaries similar to what occurred in the present 
study to further ascertain whether there is reproductive senescence in the paca. 
For paca population sustainability assessments when hunting occurs, the 
results of the present and a previous study (Collett 1981) indicate there is no 
cessation of reproduction, thus, it is suggested that the average age at harvest, 
as a result of hunting of mature female pacas, be considered the age of the last 
reproduction event.  
The implementation of conservation programs for hunted species is often 
guided by assessments of their vulnerability to extinction or sustainability of 
hunting (Bowler et al. 2014). Because previous calculations of reproductive 
processes of pacas are likely biased, refinements in conservation programs 
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should occur as a result of the enhanced knowledge from the present study 
regarding the age at sexual maturity. These findings imply that there should be 
substantial changes to calculations of the GL and, in turn, the calculation of 
intrinsic rate of population growth (rmax) for this species. Using the most current 
calculation of birthrate of female offspring (0.71; Mayor et al. 2017), the age of 
first reproduction calculated in conducting the present study (9 months, or 0.75 
years) and the classic measure of age at last reproduction (12.5 years; Collett 
1981), the revised rmax for paca would be 0.60. This is greater than the refined 
value that was recently published (0.54; Mayor et al. 2017), but still 10.4% less 
than the established estimate (0.67; Robinson & Redford 1986). Hence, even 
when there is consideration of the findings in the present study that pacas 
sexually mature earlier than what was previously reported, pacas still reproduce 
less efficiently than expected when calculations were based on data from 
previous studies. In addition, pacas produce one offspring per gestation and in 
Amazonia there is an unexpected seasonal pattern of reproduction that 
converges with periods when there is greater hunting intensity and 
consequently the harvesting of a large number of pregnant females for human 
consumption (Oliveira et al. 2007; Mayor et al. 2013, 2017; Valsecchi et al. 
2014; El Bizri et al. 2018). When results of the present and previous studies are 
considered, there needs to be a critical review of previous population 
sustainability assessments for the species, and calculations of sustainable 
yields for future in situ management actions (i.e., establishment of hunting 
quotas) should be more conservative. 
 The results of the present study indicate that estrous cycling and 
pregnant females of lowland paca in their natural habitat have a larger body 
mass than anestrous females. Ovarian functionality was observed in animals 
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with greater than a 5 kg body mass, and all females with more than 65 g 
genitalia mass had ovaries containing structures indicative that there had been 
an onset of estrous cycles before the time of harvest. It is estimated that 
puberty occurs at about 4 months of age, implying that first parturition occurs at 
9 months of age. In addition, there is no evidence that reproductive senescence 
occurs in the lowland paca. The enhanced information, as a result of the 
present study, about reproduction of the paca should be considered when 
conducting population sustainability assessments for the species in areas 
where hunting occurs.  
 In addition, results of the present study highlight the importance of in situ 
studies in understanding the reproduction of species in their natural habitat. 
These investigations yield more precise information about factors affecting 
population size of a hunted species in their natural habitat. As ascertained from 
results of the present study, age at sexual maturity as well as parturition 
patterns of species in their natural habitat can be obtained and made available 
to help refine hunting sustainability models. The manner in which the present 
study was conducted also emphasizes the opportunities to involve local hunter 
communities in a participatory manner to allow for the collection of large 
amounts of biological material (see also Mayor et al. 2017). We recommend this 
method because users of the resource are themselves able to gain directly from 
the knowledge generated from such studies.  
 
5.6 Acknowledgements 
We sincerely thank all the people from the communities in the Yavarí-Mirín 
River and the Amanã Sustainable Development Reserve, without whom this 
work would not be possible. We also thank T. Q. Morcatty for useful 
153 
 
suggestions and comments on the manuscript. This research was supported by 
the Gordon and Betty Moore Foundation [Grant Agreement for Instituto de 
Desenvolvimento Sustentável Mamirauá, #5344], the National Council of 
Technological and Scientific Development (CNPq) [grant numbers 
300005/2013-0; 452908/2016-7; 201475/2017-0], the IVITA (Instituto 
Veterinario de Investigaciones de Trópico y de Altura), the Museo de la 
Universidad Nacional de la Amazonía Peruana, the Earthwatch Institute and the 
Fundación Autónoma Solidaria. 
 
5.7 References 
Abbott, D. H., Hodges, J. K., George, L. M. 1988. Social status controls LH 
secretion and ovulation in female marmoset monkeys (Callithrix jacchus). 
Journal of Endocrinology 117:329-339. 
Belaunde, S. A. 2008. Determinación de parámetros productivos y 
reproductivos en la zoocria del "jochi pintado" Cuniculus paca. Tesis de 
licenciatura en biología, Universidad Autónoma Gabriel René Moreno, 
Santa Cruz. 95 p.  
Bowler, M., Anderson, M., Montes, D., Perez, P., Mayor, P. 2014. Refining 
reproductive parameters for modelling sustainability and extinction in 
hunted primate populations in the Amazon. PloS One 9(4):e93625. 
Brown, R. E., MacDonald, D. W. 1984. Mammalian Social Odours. Oxford 
University Press, Oxford, United Kingdom. 
Burnham, K. P., Anderson, D. R. 2004. Multimodel inference: understanding 




Clutton-Brock, T. H. 1988. Reproductive success. University of Chicago Press, 
Chicago and London. 
Cole, L. 1954. The population consequences of life-history phenomena. The 
Quarterly Review of Biology 29:103–137. 
Collett, S. F. 1981. Population characteristics of Agouti paca (Rodentia) in 
Colombia. Publications of the Museum, Michigan State University, East 
Lansing, Michigan. Biological Series Volume 5:485–602. 
de Andrade, R. D. S., Monteiro, F. O. B., El Bizri, H. R., Vicente, W. R. R., de 
Araujo Guimarães, D. A., Mayor, P. 2018. Fetal development of the 
Poeppig's woolly monkey (Lagothrix poeppigii). Theriogenology 110:34-
43. 
Derrickson, E. M., 1992. Comparative reproductive strategies of altricial and 
precocial eutherian mammals. Functional Ecology 6(1):57-65. 
Di Marco, M., Possingham, H. P., Wilson, K. A., Blomberg, S. P., Boitani, L. 
Rondinini, C. 2012. A novel approach for global mammal extinction risk 
reduction. Conservation Letters 5(2):134-141. 
El Bizri, H. R., Morcatty, T. Q., Lima, J. J. S., Valsecchi, J. 2015. The thrill of the 
chase: uncovering illegal sport hunting in Brazil through YouTube™ 
posts. Ecology and Society 20:30.  
El Bizri, H. R., da Silva Araújo, L. W., da Silva Araújo, W., Maranhão, L., 
Valsecchi, J. 2016. Turning the game around for conservation: using 
traditional hunting knowledge to improve the capture efficiency of 
Amazon lowland pacas. Wildlife Biology 22:1-6. 
El Bizri, H. R., Monteiro, F. O. B., de Andrade, R. D. S., Valsecchi, J., de Araújo 
Guimarães, D. A., Mayor, P. (2017). Embryonic and fetal morphology in 
155 
 
the lowland paca (Cuniculus paca): A precocial hystricomorph 
rodent. Theriogenology 104:7-17. 
El Bizri, H. R., Fa, J. E., Bowler, M., Valsecchi, J., Bodmer, R., Mayor P. 2018. 
Breeding seasonality in the lowland paca (Cuniculus paca) in Amazonia: 
interactions with rainfall, fruiting, and sustainable hunting. Journal of 
Mammalogy 99:1101–1111. 
Ellis, S., Franks, D. W., Nattrass, S., Cant, M. A., Bradley, D. L., Giles, D., 
Balcomb, K.C., Croft, D. P. 2018. Postreproductive lifespans are rare in 
mammals. Ecology and Evolution 8:2482-2494. 
Faulkes, C. G., Abbott, D. H., Jarvis, J. U. M. 1990. Social suppression of 
ovarian cyclicity in captive and wild colonies of naked mole-rats, 
Heterocephalus glaber. Journal of Reproduction & Fertility 88:559-568. 
Gaillard, J. M., Yoccoz, N. G., Lebreton, J. D., Bonenfant, C., Devillard, S., 
Loison, A., Pontier, D., Allaine, D. 2005. Generation Time: A Reliable 
Metric to Measure Life-History Variation among Mammalian Populations. 
The American Naturalist 166:119–123. 
Greene C., Umbanhowar, J., Mangel, M., Caro, T. 1998. Animal breeding 
systems, hunter selectivity, and consumptive use in wildlife conservation. 
In Behavioral ecology and conservation biology, edited by T. Caro, pp. 
271–305, Oxford University Press, Oxford, United Kingdom. 
Guimarães, D. A., Bastos, L. V., Ferreira, A. C. S., Luz-Ramos, R. S., Ohashi, 
O. M., Ribeiro, H. L. 2008. Características reprodutivas da paca fêmea 
(Agouti paca) criada em cativeiro. Acta Amazonica 38:531–538. 
Hämäläinen, A., Dammhahn, M., Aujard, F., Eberle, M., Hardy, I., Kappeler, P. 
M., Perret, M., Schliehe-Diecks, S., Kraus, C. 2014. Senescence or 
selective disappearance? Age trajectories of body mass in wild and 
156 
 
captive populations of a small-bodied primate. Proceedings of the Royal 
Society B 281:20140830. 
IUCN. 2001. IUCN Red List Categories and Criteria: Version 3.1. IUCNSpecies 
Survival Commission. IUCN, Gland, Switzerland and Cambridge, United 
Kingdom. 
IUCN. 2004. Guidelines for Using the IUCNRed List Categories and Criteria. 
Standards and Petitions Subcommittee. URL: 
http://www.globaltrees.org/downloads/RedListGuidelines.pdf [accessed 
2018-9-11] 
IUCN. 2012a. The IUCN Red List of Threatened Species. Version 2012.2. 
http://www.iucnredlist.org [accessed 2018-9-11] 
IUCN. 2012b. IUCN Red List Categories and Criteria: Version 3.1. Second 
edition. IUCN, Gland, Switzerland and Cambridge, United Kingdom. 
http://www.iucnredlist.org/technical-documents/categories-and-criteria 
[accessed 2018-9-11] 
Jerozolimski, A., Peres, C.A. 2003. Bringing home the biggest bacon: A cross-
site analysis of the structure of hunter–kill profiles in Neotropical forests. 
Biological Conservation 111:415–425. 
Jiguet, F., Gadot, A. S, Julliard, R., Newson, S.E., Couvet, D. 2007. Climate 
envelope, life history traits and the resilience of birds facing global 
change. Global Change Biology 13:1672-1684. 
Kaplan, J. R., Adams, M. R., Koritnik, D. R., Rose, J. C., Manuk, S.B. 1986. 
Adrenal responsiveness and social status in intact and ovariectomized 
Macaca fascicutaris. American Journal of Primatology 11:181-193.  
Mace, G. M., Collar, N. J., Gaston, K. J., Hilton-Taylor, C., Akçakaya, H. R., 
Leader-Williams, N., Millner-Gulland, E. J., Stuart, S. N. 2008 
157 
 
Quantification of extinction risk: IUCN’s system for classifying threatened 
species. Conservation Biology 22:1424-1442. 
Martin, R. D., Genoud, M., Hemelrijk, C. K. 2005. Problems of allometric scaling 
analysis: examples from mammalian reproductive biology. Journal of 
Experimental Biology 208:1731-1747. 
Matamoros, Y., Pashov, B. 1984. Ciclo estral del tepezcuinte (Cuniculus paca, 
Brisson), en cautiverio. Brenesia 22:249-260. 
Mayor, P., Guimarães, D. A., Lopez, C. 2013. Functional morphology of the 
genital organs in the wild paca (Cuniculus paca) female. Animal 
Reproduction Science 140:206-215. 
Mayor, P., El Bizri, H., Bodmer, R., Bowler, M. 2017. Assessment of mammal 
reproduction for hunting sustainability through community-based 
sampling of species in the wild. Conservation Biology 31:912–923. 
Merrit, D. 1989. The husbandry and management of the Paca (Cuniculus paca) 
at Lincoln Park Zoo, Chicago. International Zoo Yearbook 28:264-267. 
Milner-Gulland, E. J., Akçakaya, H. R. 2001. Sustainability indices for exploited 
populations. Trends in Ecology and Evolution 16:686–692. 
Nasi, R., Brown, D., Wilkie, D., Bennett, E., Tutin, C., van Tol, G., 
Christophersen, T. 2008. Conservation and use of wildlife-based 
resources: the bushmeat crisis. Technical Series no. 33, Secretariat of 
the Convention on Biological Diversity, Montreal, and Center for 
International Forestry Research (CIFOR), Bogor, Indonesia. 
Nogueira, T., Giannoni, M., Toniollo, G. 2006. Observações preliminares sobre 
a reprodução de uma colônia de pacas Agouti paca Linnaeus, 1766 em 
cativeiro. Cadernos do CEAM-Núcleo de Estudios Agrários 6:83-95. 
158 
 
Oliveira, F. S., Machado, M. R. F., Canola, J. C. 2003. Real time B-mode 
ultrasound in pacas pregnancy (Agouti paca, L.1766). Brazilian Journal 
of Veterinary Research and Animal Science 40:73-78. 
Oliveira, F. S., Machado, M. R. F., Canola, J. C., Camargo, M. H. B. 2007. 
Uniparidade em pacas criadas em cativeiro (Agouti paca, Linnaeus, 
1766). Arquivo Brasileiro de Medicina Veterinária e Zootecnia 59:387-
389. 
Pacifici, M., Santini, L., Di Marco, M., Baisero, D., Francucci, L., Grottolo 
Marasini, G., Visconti, P., Rondinini, C.  2013. Database on generation 
length of mammals. 5427 data records. Online at 
http://doi.org/10.5061/dryad.gd0m3, version 1.0 (last updated on 2013-
08-27), Resource ID: 10.5061/dryad.gd0m3, Data Paper ID: doi: 
10.3897/natureconservation.5.5734 
Peres, C. A. 2000. Effects of subsistence hunting on vertebrate community 
structure in Amazonian forests. Conservation Biology 14:240-253. 
Perez-Torres, J. 1996. Guía para el manejo y cría de la “Paca” Agouti paca. 
Convenio Andrés Bello. Bogotá, Colombia. 
Pérez, H. C., Hernández, F. Z. 1979. Comportamiento reproductivo y datos de 
la alimentación de Agouti paca. Acta Zoologica Lilloana 35:283-385. 
Perry, A. L., Low, P. J., Ellis, J. R., Reynolds, J. D. 2005. Climate change and 
distribution shifts in marine fishes. Science 308:1912–1915. 
Ripple, W. J., Abernethy, K., Betts, M. G., Chapron, G., Dirzo, R., Galetti, M., 
Levi, T., Lindsey, P. A., MacDonald, D. W., Machovina, B., Newsome, T. 
M., Peres, C. A., Wallach, A. D., Wolf, C., Young, H. Bushmeat hunting 




Ripple, W. J., Wolf, C., Newsome, T. M., Hoffmann, M., Wirsing, A. J., 
McCauley, D. J. 2017. Extinction risk is most acute for the world’s largest 
and smallest vertebrates. PNAS 114:10678-10683. 
Robinson, J. G., Redford, K. H. 1986. Body size, diet, and population density of 
Neotropical forest mammals. The American Naturalist 128:665–680. 
Rodríguez, M. A. B., Arroyo, M. D. B. 2008. Efecto de la dieta sobre la ganancia 
de peso en individuos de Agouti paca (Rodentia: Agoutidae) en 
cautiverio. Revista Mexicana de Mastozoología 12:6-16.  
Santos, R., Lima, A. L., Barbosa W. A., Vargas Junior, J. G. 2006. 
Determinação da curva de crescimento em pacas (Agouti paca L.) 
criadas em cativeiro do nascimento ao desmame. IX Encontro Latino 
Americano de Iniciação Científica e V Encontro Latino Americano de 
Pós-graduação, Universidade do Vale do Paraíba. Univap, Vale do 
Paraíba, São Paulo. 
Smucny, D. A., Abbott, D. H., Mansfield, K. G., Schultz-Darken, N. J., 
Yamamoto, M. E., Alencar, A. I., Tardif, S. D. 2004. Reproductive output, 
maternal age, and survivorship in captive common marmoset females 
(Callithrix jacchus). American Journal of Primatology 64:107-121. 
Smythe, N. 1991. Steps toward domesticating the paca (Agouti = Cuniculus 
paca) and prospects for the future. In Neotropical wildlife use and 
conservation, edited by J. G. Robinson, K. H. Redford, pp. 202–216. 
University of Chicago Press, Chicago, Illinois, USA. 
Stasinopoulos, D. M., Rigby, R. A. 2007. Generalized additive models for 




Trillmich, F. 2000. Effects of low temperature and photoperiod on reproduction 
in the female wild guinea pig (Cavia aperea). Journal of 
Mammalogy 81:586-594. 
Trillmich, F., Laurien-Kehnen, C., Adrian, A., Linke, S. 2006. Age at maturity in 
cavies and guinea-pigs (Cavia aperea and Cavia aperea f. porcellus): 
influence of social factors. Journal of Zoology 268:285-294. 
Valsecchi, J., El Bizri, H. R., Figueira, J. E. C. 2014. Subsistence hunting of 
Cuniculus paca in the middle of the Solimões River, Amazonas, Brazil. 
Brazilian Journal of Biology 74:560-568. 
Wasser, S. K., Barash, D. P. 1983. Reproductive suppression among female 
mammals: implications for biomedicine and sexual selection theory. The 
Quarterly Review of Biology 58:513-538. 
Waterman, J. M. 2002. Delayed maturity, group fission and the limits of group 
size in female Cape ground squirrels (Sciuridae: Xerus inauris). Journal 
of Zoology 256:113-120. 
Weinbaum, K. Z., Brashares, J. S., Golden, C. D., Getz, W. M. 2013. Searching 
for sustainability: are assessments of wildlife harvests behind the times? 




Chapter 6. Involving local communities for effective citizen 
science: determining game species’ reproductive status to 
assess hunting effects in tropical forests 
 
Published in Journal of Applied Ecology 
El Bizri, H. R., Fa, J. E., Lemos, L. P., Campos-Silva, J. V., 
Vasconcelos Neto, C. F., Valsecchi, J., & Mayor, P. (2020). 
Involving local communities for effective citizen science: 
Determining game species' reproductive status to assess hunting 




 Involving communities in sustainable wildlife management in tropical 
forests can ensure food security and livelihoods of millions of forest dwellers 
that depend on wild meat, and also safeguard hunted species. Mathematical 
models have been developed to assess hunting sustainability; but these require 
empirical information on reproductive parameters of the prey species, often 
challenging to obtain. Here, we suggest that if local people can accurately 
identify the reproductive status of hunted animals in the field, these data could 
fill the existing knowledge gap regarding species’ life-history traits and enable 
better assessments of hunting impacts. We first tested whether local people in 
15 rural communities in three Amazonian sites could accurately diagnose, 
before and after training, the pregnancy status of hunted pacas (Cuniculus 
paca), which we use as our model. We then applied the results from these tests 
to correct reproductive status data of hunted specimens, voluntarily collected 
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over 17 years (2002-2018) as part of a citizen science project in one of our 
study sites. We ran generalized additive models to contrast these corrected 
reproductive rates with those obtained from the direct analysis of genitalia by 
researchers, and with indices describing game extraction levels (catch-per-unit-
effort, CPUE, and age structure of hunted individuals). Before training, 
interviewees correctly diagnosed pregnancy in 72.5% of tests, but after training, 
interviewees accurately diagnosed pregnancy in 88.2% of tests, with high 
improvements especially for earlier pregnancy stages. Monthly pregnancy rates 
determined by hunters and by researchers were similar. Reported annual 
pregnancy rates were negatively correlated with CPUE, and positively 
correlated with the percentage of immatures in the hunted population, in 
accordance with an expected density-dependent response to variations in 
hunting levels. We show that the voluntary diagnosis of game species’ 
reproductive status by local people is a feasible method to obtain accurate life-
history parameters for hunted tropical species, and to assess hunting effects on 
game populations. Given that almost half of the protected areas in the world are 
co-managed by local people, our results confirm the potential of integrating local 
communities in citizen science initiatives to ensure faster, low-cost, and more 
accurate data collection for wildlife management. 
 
6.2 Introduction 
 Ensuring the sustainability of wildlife hunting in tropical forests is crucial 
to guarantee the conservation of game species and safeguard the food security 
and livelihoods of millions of forest dwellers (Coad et al. 2019). Since the early 
1990s, a wide range of mathematical models have been developed to assess 
hunting sustainability (Weinbaum et al. 2013). These models require accurate 
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information on population abundance, reproductive and mortality patterns of the 
hunted species (Weinbaum et al. 2013).  
 Reproductive performance of wild vertebrates is usually studied by 
directly examining animals after capture and restrain, or from direct field 
observations of births (e.g., Zhang et al. 2007). Because both methods are 
challenging, especially for tropical forest animals (Fragoso et al. 2016), 
researchers are limited by the lack of basic information on age of first 
reproduction, breeding cycles and pregnancy rates of hunted species (Milner-
Gulland and Akçakaya 2001). Moreover, such information is also essential for 
the development of complex demographic models, such as how reproductive 
rates change in response to the removal of individuals by hunting. These 
models are rarely applied due to the lack of data; thus, researchers employ 
simpler ones that perform with much higher uncertainty levels (Weinbaum et al. 
2013). 
 A cost-effective option for gathering large amounts of biological and 
ecological evidence in the field is via citizen scientists (Dickinson et al. 2010). 
By involving non-professionals it is possible to obtain vital information on a 
variety of subjects (Bonney et al. 2014; Steger et al. 2017). In the tropics, 
indigenous and rural people have been involved in citizen science projects, 
providing information on animal populations and trends, just as accurately as 
trained scientists (e.g., Danielsen et al. 2014). Since local communities in 
tropical forests have extensive knowledge of the environment and are the main 
direct users of natural resources, their participation in scientific monitoring is 
central (Pocock et al. 2015).  
 Mayor et al. (2017) have demonstrated the effectiveness of citizen 
science through a community-based collection of organs of Amazonian forest 
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mammals to determine reproductive parameters. In this study, local hunters 
collected and voluntarily donated complete visceras of hunted specimens over 
an uninterrupted 15-year period. Using this material, Mayor et al. (2017) were 
able to estimate annual birth rates of female offspring. These estimates differed 
significantly from those obtained in sustainability assessments that often use 
data from captive populations. 
 As shown by Mayor et al. (2017) it is possible to collect accurate 
reproductive parameters of some hunted species over the long-term through the 
examination of biological materials brought back to researchers. This is possible 
for small-bodied animals but not for large species since their viscera are often 
not brought back from the forest due to their heavy weight (see Mayor et al. 
2017). In the current system local people are only responsible for sample 
collection, since the determination of the reproductive status of animals is done 
by technicians in laboratories, thus increasing survey costs, and does not 
involve locals in data processing and analysis, and arguably in using the 
collected data in decision-making. Conversely, if local people could accurately 
categorise the reproductive status of hunted specimens where they are hunted, 
data collection becomes cheaper, easier to implement, and more frequent, 
therefore substantially increasing sample sizes. Beyond providing more precise 
estimates of reproductive rates, larger sample sizes would also permit the better 
understanding of hunting impacts, i.e. by determining how variation in 
reproductive rates over time relates to density-dependent responses of 
populations to hunting. 
In this study, we used the lowland paca (Cuniculus paca) as our model 
species, because it is amongst the top three most hunted species in the 
Neotropics (e.g. Peres 2000; El Bizri et al. 2015; El Bizri et al. 2020), allowing 
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us to acquire a large number of samples. Using photographs of genitalia of 
paca females donated by hunter families, we tested whether an effective 
method could be implemented for citizen scientists to accurately diagnose the 
reproductive status of hunted specimens. We first established the local peoples’ 
capacity to determine the reproductive status of female pacas in three 
Amazonian sites, before and after a period of training. We then used these 
results to correct the pregnancy rates estimated for the species from data 
collected by local people on hunted specimens’ reproductive status over a 17-
year period (2002-2018) in one study site. For this study site, we compared the 
corrected pregnancy rates with those determined from genitalia samples by 
trained researchers, and with hunting indices to describe the effects of hunting 
on the studied game populations. 
 
6.3 Materials and Methods 
6.3.1 Study sites 
 We conducted our study in three Amazonian sites (Figure 1). The Yavarí-
Mirín River (YMR, 04º19’53” S; 71º57’33” W) is located in the Western Peruvian 
Amazon, and encompasses 107,000 ha of continuous upland forests where a 
single indigenous community of 307 inhabitants live (Figure 1). The Amanã 
Sustainable Development Reserve (ASDR, 01º54’00” S; 64º22’00” W) is a 
2,350,000 ha reserve of predominantly upland forests in the central Brazilian 
Amazon, between the Negro and Japurá Rivers. Approximately 4,000 riverine 
people inhabit 80 communities and some isolated settlements within this 
reserve. The middle Juruá River (MJR) region in southern Brazilian Amazonia 
(MJR, 5°40'26"S, 67°30'25"W) comprises two protected areas of sustainable 
natural resources use (Middle Juruá Extractive Reserve and Uacari Sustainable 
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Development Reserve) with 886,175 ha of lowland and upland forests. These 
two reserves are occupied by ca. 3,200 people in 57 settlements. In all three 
areas, local communities rely mainly on agriculture for income and on hunting 
and fishing for subsistence. 
Figure 1. A map showing the three sampled sites with locations of the 15 
communities within Amazonia where interviews on the reproductive status of 
game species were performed (interview sites), between 2017 and 2019, and of 
the 5 communities where hunting and reproductive data was provided by local 
people in a citizen-science project between 2002 and 2018 (monitoring sites). 
Note that three communities in the Amanã Sustainable Development Reserve 
participated in both interviews and monitoring collections, and thus are 
classified as “monitoring and interviews sites”. 
 
 
6.3.2 Local people interviews 
  Photographs were taken of all paca female genitalia collected (n=300) 
from animals donated for research by local people in the YMR and ASDR (see 
El Bizri et al., 2018; Mayor et al., 2017; Mayor, Guimarães, & López, 2013; see 
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Appendix S1). For pregnant genitalia, we removed the conceptuses and 
measured their crown-rump length using a metal Vernier calliper (maximum 300 
mm). 
From the pool of photographs, we selected a total of 42 showing 
complete genitalia, being 7 (16.7%) photographs of non-pregnant females and 
35 (83.3%) from pregnant females with conceptuses ranging from 0.5 cm to 26 
cm in length (mean = 7.51 cm; SD = 7.28 cm), depicting the increasing range in 
conceptus size along gestation. Using these photographs, we asked 
interviewees to answer whether they thought the specimen was pregnant or not. 
If they considered the specimen to be pregnant, the interviewee was requested 
to point out where he/she believed the conceptus was implanted within the 
uterus. 
Considering the time available for the study, we used simple random 
sampling (Albuquerque et al., 2014) to select the maximum number of young 
and adults to interview within each sampled community. We interviewed a total 
of 104 people, 81 men (77.9%) and 23 (22.1%) women. The average age of the 
men was 38.7 ± 13.9 SD (17-72) years old, and of women 41.3 ± 14.1 SD (24-
75). Interviews were conducted in August 2017 in the single YMR community, in 
May and October 2018, and in January and June 2019 in five ASDR 
communities, and in November 2018 in nine communities in the MJR.  
We held two rounds of interviews for each person during a single 
interview day. In the first round, we showed the pictures randomly and asked 
people to determine the reproductive status of each specimen without giving 
them any clues or guidance on the reproductive biology of the species. In the 
second round, we used three of the pictures to train interviewees on how 
pregnancy occurs, explaining where the conceptuses would normally be found 
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in the uterus, and how to determine their presence. We then shuffled the 
photographs and randomly presented these again for their second diagnosis. 
 
6.3.3 Hunting registers 
 In the ASDR, a citizen-science hunting monitoring system has been 
active since 2002 and is ongoing. In this site we trained five local hunters within 
five separate communities to assemble a wide range of data on the daily 
hunting activity of community members, including time spent hunting and 
number of hunters involved, as well as collect data on each specimen hunted: 
sex and the body mass of hunted individuals, and reproductive status of 
females (pregnant or non-pregnant). Hunters voluntarily provided information to 
collectors after returning from their hunts. By the end of 2018, collectors had 
recorded data for a total of 1236 hunted pacas.  
 All research was conducted in compliance with the research protocol 
approved by the Research Ethics Committee for Experimentation in Wildlife at 
the Dirección General de Flora y Fauna Silvestre from Peru (License 0350-
2012-DGFFS-DGEFFS) and by the Instituto Chico Mendes for Biodiversity 
Conservation from Brazil (License SISBIO No 29092-1). 
 
6.3.4 Data analysis 
6.3.4.1 Interview responses 
 For each interview, responses were scored as 1 if correct and 0 if 
incorrect. We considered an incorrect answer when the interviewee identified a 
non-pregnant paca as pregnant (false positive) and a pregnant paca as non-
pregnant (false negative), also when the interviewee incorrectly indicated the 
location where the conceptus was implanted in the uterus. 
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 We analysed all responses using generalized linear mixed models 
(GLMM) with a binomial distribution to obtain logistic regressions of the 
probability of interviewees giving correct answers according to a set of predictor 
variables. We generated separate models for non-pregnant and pregnant 
females. For non-pregnant specimens, we considered the number of correct 
and incorrect responses (scores: 0 – incorrect, 1 – correct) as the dependent 
variable, and the interviewees’ sex (man/woman) and age (continuous) as 
predictor variables. For pregnant specimens, we considered the number of 
correct and incorrect responses (scores: 0 – incorrect, 1 – correct) as 
dependent variable, and the interviewees’ sex and age and the length of the 
conceptuses (continuous) as predictor variables. We built a null model (no 
effect of predictor variables) and models with different combinations of predictor 
variables, from simple ones (only one predictor variable) to a more complex one 
(all variables in the model). We independently tested each interview round. 
Interviews from the same community may not be independent since there were 
a different number of interviewees for each community, and because we 
consider that the learning process and sharing of information (of the biological 
traits of game species) among local people may be nested at the community 
level. As a result of these two issues, the communities sampled were included 
as a random categorical factor. 
 Final models from GLMMs were compared based on Akaike Information 
Criterion (AIC) values, and all models with the ΔAIC < 2 in relation to the model 
with lowest AIC were considered as with strong support (see Burnham & 
Anderson, 2004). To avoid selecting a model that was overfitting due to a large 
sample size, we also used a likelihood ratio test to compare the significance of 
these models; if two models were similar (p>0.05), we considered the best-fitted 
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model the one with lowest number of parameters, i.e. fewest degrees of 
freedom. However, we present all models with ΔAIC < 2 in Appendix S2. 
GLMMs were conducted using the R package lme4. 
 Finally, we assessed the effect of training on the probability of giving 
more correct answers in the second interview. For both non-pregnant and 
pregnant specimens, we calculated the difference between the percentages of 
correct and incorrect responses in the two interview rounds using a chi-square 
test. In addition, for pregnant specimens, we calculated the difference between 
the average logistic regression formulas produced in the GLMMs for each round 
of interview. 
 
6.3.4.2 Corrections of reproductive status and density-dependence 
effects 
 Interview results were then used to correct the data on the reproductive 
status of hunted females collected over the 17-year (2002–2018) monitoring 
period in the ASDR. Since no systematic training on pregnancy diagnosis was 
conducted with local people during the monitoring period, we considered they 
could be categorizing pregnant females as non-pregnant at a similar rate as 
obtained in the first interview round. On this basis, we therefore applied a 
correction factor based on two steps. First, we used the formula of the 
relationship between conceptus length and gestational age in El Bizri et al. 
(2017) (Crown-rump length = 0.179*Age – 5.28) to obtain the proximate number 
of pregnancy days up to which hunters would be mistakenly diagnosing 
pregnant pacas as non-pregnant. For this, we considered the threshold for an 
accurate diagnosis to be at a conceptus length in which the probability of giving 
a correct answer was 90%. Second, we used the monthly percentage of paca 
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conceptions presented by El Bizri et al. (2018) as a proxy for the percentage of 
pacas that would be in the early days of pregnancy, not detectable as pregnant 
by the hunters. Based on the number of pregnancy days calculated from our 
first step, we calculated a retroactive monthly percentage of false negatives for 
each month, thus correcting the number of pregnant and non-pregnant females 
(see Appendix S3). The gestation length of 149 days for the paca was based on 
Guimarães et al. (2008). 
 We used these corrected reproductive data to validate the effectiveness 
of a long-term citizen science collection of reproductive performance data to: (1) 
provide reliable information on the reproductive rates for the species, and (2) 
understand hunting effects. For the first aim (1), we selected females with a 
body mass ≥5.5 kg, which we considered as mature, following El Bizri et al. 
(2019a). We then calculated the monthly percentage of pregnant specimens 
among the mature females sampled each month (hereafter monthly pregnancy 
rate), independently for each year, and assessed the relationship between 
monthly pregnancy rate and the expected monthly pregnancy rate of pacas. For 
this purpose, we considered the published metrics of pregnancy rates in El Bizri 
et al. (2018), calculated from pregnancy diagnoses from genitalia collected in 
the ASDR by researchers and examined in the laboratory, as the expected 
monthly pregnancy rates (see Appendix S3). In this analysis, the month was 
treated as a fixed factor, while the year of collection was treated as a random 
factor. 
 For our second aim (2), we hypothesized that any hunting impact on any 
animal population would lead to an increase in pregnancy rates over time as a 
density-dependent response to lower population abundance (e.g. Lima & Jaksic 
1998). This increase in pregnancy rate would then be related to an increase in 
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immature individuals in the population due to higher birth rates. We tested for all 
these relationships by calculating the yearly pregnancy rates of hunted 
specimens, correlating these with the mean annual catch-per-unit-effort (CPUE, 
in ind hunter-1hour-1) of hunting events as a proxy of paca abundance (see Rist 
et al. 2010; Valsecchi et al. 2014; Marrocoli et al. 2019). Afterwards, we 
correlated the yearly pregnancy rates with the annual percentage of immature 
individuals (number of individuals < 5.5 kg/total number of individuals hunted) 
(see Mendes-Oliveira et al. 2012; El Bizri et al. 2018, 2019). Although 848 paca 
hunting events were recorded, we calculated CPUE for only nocturnal hunts 
using the ‘spotlighting’ method (n=519), since paca is strictly nocturnal and 
spotlighting is a technique that is specifically used to hunt this and no other 
species, therefore guaranteeing that this index indeed reflected the species’ 
abundance in the study area (see Valsecchi et al. 2014). 
  To assess the relationship between the monthly pregnancy rate and the 
expected monthly pregnancy rate of pacas, as well as density-dependent 
effects, we used a generalized additive model (GAM), which consists of 
univariate regression analysis that allows each regression variable to have a 
linear or non-linear relationship with the dependent variable. The type of non-
linearity is tested through the use of several smoothers/additive terms in the 
modelling process. These terms normally add penalizations in the model to 
prevent overfitting. For the conduction of GAMs, we first tested the best family 
of distribution fitted to the response variable, comparing these based on QQ-
plots of the residuals, and on the difference between AIC values among them. 
After selecting the best-fitted distribution, we built a null model (no relationship 
with the predictor variable), and models with the predictor variables in linear and 
non-linear forms, testing penalized splines and cubic splines as additive terms. 
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The final model, both in terms of retention of predictor variables and the type of 
relationship (whether linear or non-linear), was selected based on AIC values 
(Burnham and Anderson 2004), in which the model with the lowest AIC was 
selected. For these analyses, the R package gamlss was used (Stasinopoulos 
and Rigby 2007). An advantage of using the gamlss package is its flexibility in 
terms of families of distribution (over 100 continuous, discrete and mixed 
distributions for modelling the response variable are available), and the various 
additive terms available compared to other packages. We used R 3.3.3 




6.4.1 The diagnosis of the reproductive status by local people 
 For non-pregnant females, there was a proportion of 92.6% and 90.4% of 
correct responses in the first and second round of interviews, respectively, with 
no significant difference between rounds (χ²=0.17; p=0.68); no significant effect 
was observed for any of the predictor variables on the probability of giving 
correct responses (Table 1).  
 For pregnant females, the proportion of correct responses was 72.5% for 
the first interview round. The probability of correctly diagnosing pregnancy 
varied according to the conceptus size, the smaller the conceptus, the lower the 
probability (Table 1; Figure 2a). This probability also varied according to the age 
of the interviewee, with youngers answering correctly more often than older 
individuals; this difference being greater for small-sized conceptuses (Table 1; 
Figure 2b). The average probability formula calculated according to conceptus 
size was: Probability of Correct Responses = 1/1+e--(0.19*Foetal size-0.08). 
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 In the second round of interviews, after training, we recorded a total of 
88.2% correct answers. The size of the conceptus still influenced the probability 
of giving correct answers (Table1; Figure 2c-d). The average probability formula 
calculated according to conceptus size in the second round was: Probability of 
Correct Responses = 1/1+e-(0.57*Foetal size+0.45), changing substantially from the 
first round of interviews due to significant improvements in the diagnosis of 
pregnancy after training (χ²=236.65; p<0.0001). This improvement occurred for 
all conceptus sizes, but was higher for pregnant females with smaller 
conceptuses, between 0.5 and 10 cm (32-85 gestation days, 21.5-57.0% of total 
gestation length, respectively), with peak at around 5 cm (57 gestation days, 




Table 1. Details of the best-fit generalized linear mixed models (GLMMs) for the diagnoses of mature paca (Cuniculus paca) females by 
local people through genitalia pictures, and generalized additive models (GAMs) for the relationship between the corrected monthly 
pregnancy rate from hunting registers with the expected pregnancy rate from genitalia, the trend in annual pregnancy rates along the 
monitoring period (2002-2018), and between annual pregnancy rates with the catch-per-unit-effort and proportion of immature individuals 











(k; df; ∆AIC null)b Response variables Predictor variables z-value/t-value 




   




   
    Correct answers (Intercept) 0.433 (0.20) 2.21 0.0272*   
0.71 (4; 4; 576.19)      Conceptus size 0.190 (0.01) 18.01 <0.001* BI Logit 
 Interviewee age -0.001 (0.003) -2.98 0.0029*   
        
Second round        
     Correct answers (Intercept) 0.452 (0.16) 2.85 0.0044* BI Logit 0.25 (3; 3; 457.06) 
 Conceptus size 0.569 (0.05) 11.64 <0.001*    
Interview - Non-pregnant pictures        
First round        
    Correct answers (Intercept) 2.640 (0.30) 8.90 <0.001* BI Logit 0.35 (3; 3; 2.53) 
 Interviewee sex 1.788 (1.04) 1.72 0.086    
Second round        
    Correct answers (Intercept) 2.687 (0.37) 7.28 <0.001* BI Logit 0.50 (3; 3; 2.17) 
 Interviewee sex 15.774 (17.42) 0.01 0.993    
Monthly pregnancy rate  





















0.65 (14; 15.5; 31.80) 
Temporal trends 




















0.99 (3; 4.9; 15.86) 
 
Density-dependent responses        
   Annual pregnancy rate (Intercept) 67.83 (11.56) 5.87  <0.001* GA Identity 0.86 (2; 3; 3.58) 
 CPUE -118.95 (44.37) -2.68 0.018*    
   Proportion of immatures (Intercept) 
Annual pregnancy rate 















Note: *p<0.05. Smoothers were fitted using p-splines (pb). IG=Inverse Gaussian; BI = Binomial, BCCGo = Box Cox Cole Green Original, 
GA = Gamma, GU = Gumbel. SE = Standard Error.  wAIC = Akaike weights; k = number of parameters; df = degrees of freedom; ΔAIC 
null = difference between the AIC of the selected model and the AIC of the null model. 
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Figure 2. Probability of local people at correctly diagnosing pregnancy in 
pictures of genitalia of lowland pacas (Cuniculus paca) before (a and b) and 
after training (c and d), according to sex and age of the interviewee along the 
increase in conceptus size in pregnancy. Each line of graphs a and c represents 












Figure 3. Improvement rate, in percentage, of the probability of local people in 
Amazonia at correctly diagnosing pregnancy in pictures of genitalia of lowland 




6.4.2 Estimates of reproductive rates of game species and hunting effects  
 Out of the total number of hunted individuals recorded in our monitoring 
programme (n=1236 pacas), 634 were females out of which 554 were mature 
(87.4%, ≥ 5.5 kg). Among these, local dwellers classified 445 as non-pregnant 
and 109 as pregnant. Without any correction, the average monthly pregnancy 
rate from hunting registers was 22.7% (Table 2). Using the formula obtained 
from the first round of interviews, we estimated that hunters would start 
diagnosing pregnancies with ≥90% accuracy for conceptuses larger than 12.6 
cm in length. This length corresponds to around 100 days of gestational age (El 
Bizri et al., 2017). Thus, by including a retroactive 3-month time-lag (~ 90 days) 
to the percentage of conceptions provided by El Bizri et al. (2018), the average 
monthly pregnancy rate increased by 19.3%, reaching 42.0% with the inclusion 
of 108 females that were in fact pregnant but incorrectly diagnosed as non-
pregnant (Table 2).  
Corrected monthly pregnancy rates were positively and significantly 
correlated with the expected monthly pregnancy rates calculated from genitalia 
collections (El Bizri et al., 2018) (Table 1; Figure 4). The annual pregnancy 
rates calculated from hunting registers were on average 39.1%, presenting an 
inverted U-shaped pattern of changes across years, with a peak in 2012 (Table 
3; Figure 5). Pregnancy rates were negatively correlated with the annual CPUE 
over time (Table 1; Figure 6), and years with higher pregnancy rates had a 







Table 2. Details on the number of mature paca (Cuniculus paca) females 
hunted in the Amanã Sustainable Development Reserve per month with their 
reproductive status, and the monthly pregnancy rates obtained from hunting 
registers before and after a correction. For more details on the calculations, see 
Appendix S3. 
















January 6 19 25 5.3 24.00 45.33 35.82 
February 10 27 37 7.1 27.03 46.23 40.11 
March 16 31 47 9.2 34.04 53.71 48.71 
April 10 26 36 7.8 27.78 49.32 47.28 
May 6 35 41 11.7 14.63 43.09 51.58 
June 12 43 55 13.6 21.82 46.51 53.01 
July 15 103 118 27.1 12.71 35.68 50.14 
August 10 74 84 14.3 11.90 28.91 42.98 
September 8 45 53 3.9 15.09 22.54 32.95 
October 8 26 34 4.1 23.53 35.60 34.38 
November 7 7 14 1.5 50.00 60.53 35.82 
December 1 9 10 2.7 10.00 36.84 31.52 
Total/Average 109 445 554 108.3 22.7 42.02 42.02 
Note: aEstimated number of females that were incorrectly diagnosed as non-pregnant 
when they were in fact pregnant (false negatives). bPregnancy rate calculated from 
interviews with local people before correction. cPregnancy rate calculated from 
interviews corrected based on the number of false negatives. dExpected monthly 
pregnancy rates based on calculations using data from genitalia collections obtained in 











Figure 4. Relationship between the monthly pregnancy rates of lowland pacas 
(Cuniculus paca) determined by researchers through genitalia examinations 
and by hunting registers conducted by local people along 17 years in the 
Amanã Sustainable Development Reserve. Data on the pregnancy rates from 













Figure 5. Temporal trends of annual pregnancy rates of lowland pacas 
(Cuniculus paca) determined by hunting registers conducted by local people 
along 17 years in the Amanã Sustainable Development Reserve. 
 
Figure 6. Relationship between the catch-per-unit-effort (CPUE) and annual 
proportion of immature individuals in hunted populations with the annual 
pregnancy rates of lowland pacas (Cuniculus paca) determined by hunting 
registers conducted by local people along 17 years (2002-2018) in the Amanã 






Table 3. Details on the number of mature paca (Cuniculus paca) females 
hunted in the Amanã Sustainable Development Reserve per year with their 
reproductive status, the annual pregnancy rates obtained from hunting registers 
after a correction, the catch-per-unit-effort (ind hunter-1 hour-1) (CPUE) of 
nocturnal paca hunting events and the proportion of immatures (individuals < 
5.5 kg) within the total number of individuals hunted. For more details on the 
calculations, see Appendix S3. 
 Year 










2002 1 37 38 21.93 0.31 17.57 
2003 1 31 32 22.43 0.27 12.05 
2004 3 25 28 30.01 0.33 15.63 
2005 5 22 27 37.82 0.31 12.24 
2006 7 41 48 33.88 0.25 12.77 
2007 8 32 40 39.30 0.21 3.37 
2008 3 35 38 27.19 0.24 10.38 
2009 6 18 24 44.30 0.21 8.57 
2010 12 23 35 53.59 0.16 19.40 
2011 7 19 26 46.22 0.27 10.00 
2012 19 23 42 64.54 0.21 28.41 
2013 9 30 39 42.38 0.22 12.66 
2014 6 22 28 40.73 0.24 18.67 
2015 5 15 20 44.30 0.18 25.81 
2016 11 38 49 41.75 0.21 10.23 
2017 3 9 12 44.30 0.28 22.73 
2018 3 25 28 30.01 0.21 21.21 
Total/Average 109 445 554 39.10 0.24 15.39 
 
6.5 Discussion 
We showed that local people can participate in the voluntary diagnosis of 
the reproductive status of game species. Although we used the lowland paca as 
our model species, this method can be used for any hunted tropical forest 
placental mammal because: i) these share similar internal reproductive 
morphology; ii) worldwide, local people eviscerate specimens before eating their 
meat; and iii) pregnancy is a phenomenon that can be easily identified by 
hunters. 
 The high score obtained in the first round of interviews shows that most 
interviewees already possessed ample understanding of the reproductive 
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biology of game species. This traditional ecological knowledge (TEK) probably 
starts from exposure to animals since childhood (da Cunha 2009). At a very 
young age, children of both sexes are initiated into hunting practices via 
storytelling, and during puberty, young teens follow adults to hunts and assist in 
the butchering and cooking of animals (Bonwitt et al. 2017; MacDonald 2007). 
This TEK on the reproductive cycles of species play a particularly important role 
in influencing the younger generation’s capacity to detect and hunt animals, and 
can be used in local management strategies to avoid overhunting (Berkes et al. 
2000). Vieira et al. (2015), in a study in the Brazilian Amazon, indicated that 
hunters communally agreed not to take pregnant females or hunt during the 
reproductive season to guarantee the sustainability of game populations. In 
another example, hunters’ impressions of the body condition of adult female 
barren-ground caribou (Rangifer tarandus) in Canada corresponded to the 
reproductive status of the animals after dissection (see Lyver and Gunn 2004). 
Thus, if pregnant animals can be identified during hunting events, it may be 
possible to develop more effective management strategies that take into 
account the reproductive biology of the game species. 
 Several interviewees were unable to identify small conceptuses in 
pictures of pregnant genitalia. Though we acknowledge that a number of 
interviewees may have guessed their answers, we argue that they may have 
classified them as non-pregnant actually believing they were correct, given the 
difficulty in detecting early pregnancies. This is supported by the rate of correct 
responses for non-pregnant specimens, which was much higher than expected 
in a random guessing situation (90% vs. 50%, respectively).  
 In our study, before the training, younger people were better at 
diagnosing pregnancy than older people. This could be explained by two 
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factors: hunting frequency decreases with age, and therefore younger people 
may be more frequently in contact with hunted animals; and older people 
claimed that their weaker vision impaired them for properly seeing small 
conceptuses in the pictures, so younger people may have benefited from the 
method used in the study. Conversely, as exemplified in other citizen scientist 
studies (e.g., Ratnieks et al. 2016), we showed that after a short training 
session the difference between these age groups was overcome and we 
significantly improved our interviewees’ ability at diagnosing pregnancy, 
especially for early pregnancy stages.  
 Thus, we claim that local peoples’ ability at diagnosing pregnancy after 
training is similar overall, and will be even higher when they are handling the 
specimens themselves, since they would be able to palpate the uterus in search 
for any sign of pregnancy, as they do while processing game. A previous 
training also allows for a direct calculation of pregnancy rates without the need 
for extensively correcting the data as we did here, considering that only a small 
proportion of pregnant individuals (around 10% from very early gestations) 
would be incorrectly diagnosed, which is similar to the proportion of under-
detected pregnancies by transabdominal ultrasonography (Mayor et al. 2005). 
Our claim is supported by the strong match between local and laboratory 
diagnoses of pregnancy, which shows that citizen scientists in rural 
communities are able to collect accurate information of the natural cycle of the 
species in the wild.  
 Our citizen-science monitoring of annual reproductive rates has also 
proved to be reliable for assessing density-dependent responses of populations 
to hunting, which is difficult to obtain in the field. To our knowledge, this 
technique has not been applied for tropical game species before our study. In 
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addition, the highest pregnancy rate value obtained in our study (64.5%) is 
similar to that obtained by Mayor et al. (2017) through genitalia collections in the 
Peruvian Amazon (62.8%), used to refine the intrinsic rate of population 
increase (rmax) in the paca. Mayor et al. (2017) estimated a minimal cost of 
$2.75 per biological sample obtained through community-based collections. 
Therefore, in the present study, the citizen-science diagnosis of pregnancy 
generated savings of US$1,743.50 for the paca alone. Accordingly, we 
advocate that the method presented here can be useful for faster, easier, low-
cost, and accurate assessments of sustainability. Using this method to properly 
assess hunting impacts would aid more effective strategies to protect wildlife 
from overexploitation, and decision makers and local leaders can be provided 
with accurate tools to implement tangible policies aimed at minimizing food 
insecurity. 
  Globally, around 45% of the protected areas are fully or co-managed by 
local people (UNEP-WCMC and IUCN 2016; Garnett et al. 2018), and thus, 
subjected to direct human use of fauna. We believe that the present method 
shows great potential to be applied in several contexts around the world, and 
even improved when integrated into new technologies currently used in 
participatory monitoring systems, such as smartphones and specific monitoring 
software (see van Vliet et al. 2017). 
 Very few studies on life history parameters of tropical species have relied 
on data obtained in the wild, and even fewer have obtained such data with the 
collaboration of local people, even though these are the main actors responsible 
to manage game populations. Here, we provide a tool to overcome the 
challenge of obtaining reproductive data on game species in the wild, offering a 
practicable method that improves sample size for wildlife research. We 
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confirmed that the diagnosis of pregnancy in game specimens undertaken by 
local people integrated in a citizen science program is useful to assess hunting 
effects and provides accurate data for evaluating hunting sustainability for 
tropical mammals. Finally, this study offers the opportunity for locally-produced-
data to be integrated into educational programs and policies, providing 
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Appendix S2. Alternative Generalized Linear Mixed Models for the diagnosis of reproductive status of lowland paca 




















Response variables Predictor variables 
z-value 




    




    
    Correct answers (Intercept) 0.4372 (0.20) 2.217 0.0266*   
0.27 (5; 5; 
1.97) 
 
     Conceptus size 0.1899 (0.01) 18.012 <0.001* BI Logit 0.0273; 1; 
0.87 
 Interviewee age -0.0100 (0.003) -2.976 0.0029*    
 Interviewee sex -0.0188 (0.11) -0.165 0.8688     
Second round – model 1         
     Correct answers (Intercept) 0.3998 (0.17) 2.362 0.0182*     




 Interviewee sex 0.2898 (0.18) 1.644 0.1002     
Second round – model 2         
     Correct answers (Intercept) 0.6086 (0.26) 2.317 0.0205*     












    
Interview - Non-pregnant 
pictures 
        
First round         


















 Interviewee age -0.0156 (0.01) -1.300 0.1935     
Sencond round         




















Note: *p<0.05. BI = Binomial. SE = Standard Error.  wAIC = Akaike weights; k = number of parameters; df = degrees of freedom; ΔAIC 




 Interviewee age -0.0038 -0.235 0.8145     
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Appendix S3. Calculations of corrected pregnancy rates of lowland paca 
(Cuniculus paca) females from hunting registers, and expected pregnancy rates 











a The time-lag was calculated using the formula obtained from the first round of 
interview, through which we estimated that local people would start correctly 
Number of adult females hunted according to their 
reproductive status in the Amazon 
Month 
Non-
pregnant Pregnant Total 
Pregnancy 
rate (%) 
January 19 6 25 24.00 
February 27 10 37 27.03 
March 31 16 47 34.04 
April 26 10 36 27.78 
May 35 6 41 14.63 
June 43 12 55 21.82 
July 103 15 118 12.71 
August 74 10 84 11.90 
September 45 8 53 15.09 
October 26 8 34 23.53 
November 7 7 14 50.00 
December 9 1 10 10.00 
Total 445 109 554 22.7 
Concepcion 
rate (%) Correction of the number of pregnant females using the monthly rate of conception with a 2-month time-laga 
  Month January February March April May June July August September October November December 
8.8 January 8.8 8.8 8.8 - - - - - - - - - 
7.0 February - 7.0 7.0 7.0 - - - - - - - - 
14.0 March - - 14.0 14.0 14.0 - - - - - - - 
8.8 April - - - 8.8 8.8 8.8 - - - - - - 
10.5 May - - - - 10.5 10.5 10.5 - - - - - 
12.3 June - - - - - 12.3 12.3 12.3 - - - - 
3.5 July - - - - - - 3.5 3.5 3.5 - - - 
3.5 August - - - - - - - 3.5 3.5 3.5 - - 
1.8 September - - - - - - - - 1.8 1.8 1.8 - 
10.5 October - - - - - - - - - 10.5 10.5 10.5 
8.8 November 8.8 - - - - - - - - - 8.8 8.8 




















January 19 6 25 24.00 5.3 45.33 7.10 35.82 9.5 
February 27 10 37 27.03 7.1 46.23 7.95 40.11 6.1 
March 31 16 47 34.04 9.2 53.71 9.66 48.71 5.0 
April 26 10 36 27.78 7.8 49.32 9.38 47.28 2.0 
May 35 6 41 14.63 11.7 43.09 10.23 51.58 -8.5 
June 43 12 55 21.82 13.6 46.51 10.51 53.01 -6.5 
July 103 15 118 12.71 27.1 35.68 9.94 50.14 -14.5 
August 74 10 84 11.90 14.3 28.91 8.52 42.98 -14.1 
September 45 8 53 15.09 3.9 22.54 6.53 32.95 -10.4 
October 26 8 34 23.53 4.1 35.60 6.82 34.38 1.2 
November 7 7 14 50.00 1.5 60.53 7.10 35.82 24.7 
December 9 1 10 10.00 2.7 36.84 6.25 31.52 5.3 
Total 445 109 554 22.7 108.3 42.02 100 42.02 0.0 
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diagnosing pregnancies (with 90% probability) for fetuses above 12.6 cm of 
length, corresponding to around 100 days of age (~ 3 months) (El Bizri et al. 
2017). Monthly percentage of conceptions were obtained from El Bizri et al. 
(2018). b These values were obtained from El Bizri et al. (2018), who calculated 
pregnancy rates from a collection of uterus of lowland pacas in the Amazon.  
The expected pregnancy rate was calculated based on the expected monthly 
representativeness of pregnant females among all adult females.  
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Chapter 7. General Conclusion 
 In this thesis, I focus on two different but interrelated aspects of wild meat 
use in the Amazon. At a broader landscape level, I investigated the demand for 
wild meat in Amazonian cities, and the flow of meat from wild animals from rural 
communities to urban markets. The information presented here shows that the use 
of wild meat throughout Amazonia, even in cities, is much more widespread than 
presumed. The supply of wild meat to cities in Amazonia is propagated by many 
hunters in rural areas, even from remote communities. Given the importance of 
understanding the hunted species’ life-history and reproduction to ensure 
sustainable hunting, I also present new data for the lowland paca (Cuniculus paca). 
This rodent is one of the most hunted species in the Amazon. Information gathered 
on this species can serve as a model for other prey species, useful in the 
development of better models and management strategies for the sustainable 
hunting in Amazonia.  
In this concluding chapter, I summarise the main results and contributions of 
the thesis for the general understanding and progress towards the sustainable use 
of wild meat in Amazonia, and discuss some opportunities for future research on 
this topic.  
 
7.1 Summary of the thesis main results 
 
Chapter 2. Social and biological correlates of wild meat consumption and trade by 
rural communities in the Jutaí River basin, central Amazonia 
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 By estimating the consumption rates of wild meat and analyzing the effects 
of socio-economic and cultural factors at the household level on wild meat 
consumption and trade in 16 communities in the Jutaí River Extractive Reserve, 
central Amazonia, I showed that wild meat is important to both diet and income of 
local people even in considerably remote communities. All interviewees declared 
consuming wild meat, and two-thirds of the interviewees declared selling wild meat 
to local communities nearby and in the nearest urban centre. The lowland paca 
was the most cited species both in terms of consumption and trade, showing the 
relevance of this species to local people. My results highlighted how important wild 
meat is for local subsistence and economies of people living in remote Amazonian 
areas, how some drivers, number of hunters in a household in particular, shape 
local wild meat use and trade, and the importance of relationships between rural 
and urban areas through links with people living in the city, who act as 
intermediaries during wild meat trade. The relevance of wild meat trade to cities in 
this chapter highlights the need for assessing the urban consumption of wild meat, 
in which I go deeper in Chapter 3 to understand the scale of consumption and 
trade of wild meat in large-scales in the urbanized central Amazonia.  
 
Chapter 3. Urban wild meat consumption and trade in central Amazonia 
By estimating the frequency of consumption, the means used by local 
people to obtain wild meat, and the effects of socio-economic factors at 
municipality-level on wild meat consumption in five cities of central Amazonia, I 
could elaborate a predictive model to estimate the rates of wild meat across all 62 
cities in the region. I estimated that over 10 thousand tonnes of wild meat is 
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consumed in the 62 urban centres in central Amazonia, generating over US$35 
million of untaxed revenues to vendors. These results were the first large-scale 
estimation of the rates of urban consumption and trade in Amazonia. Once again, 
the lowland paca was a very relevant species, representing the third most 
consumed species in cities. The relevance of the species to both rural and urban 
consumers of wild meat made it clear that plans for its sustainable use were 
urgent. This led to the development of Chapters 4, 5 and 6, in which I present new 
data on the life-history and reproduction of the lowland paca (Cuniculus paca) 
through participatory methods with support of local Amazonian hunters.  
 
Chapter 4. Breeding seasonality in the lowland paca (Cuniculus paca) in 
Amazonia: interactions with rainfall, fruiting, and sustainable hunting 
 By analyzing the genitalia of pregnant paca females donated voluntarily by 
local hunters living in 6 communities in Amazonia, I showed that although pacas 
present year-round pregnancies, the majority of pregnancies occurred during 
periods of greater fruit availability in upland forests, when both river water and 
rainfall levels were higher. One of my crucial findings was that seasonality in paca 
pregnancies converged with the seasonality of hunting rates; both were higher 
during the high river water period. This was the first study showing a consistent 
relationship between environmental factors and reproduction in lowland pacas, and 
a strong match between hunting and pregnancies in two distinct sites in Amazonia. 
This indicates that these patterns may be widespread in the biome. This finding is 
particularly worrying because pacas are extremely important for local people during 
the high-water period due to shortage in fish availability, but this convergence may 
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impact its population sustainability in the long-term. The consequent need for 
better sustainability assessments led me to the development of Chapter 5, in which 
I refine three of the most important parameters of the life-history of pacas that are 
invaluable for the development of sustainability models. 
 
Chapter 5. Age at sexual maturity, first parturition and reproductive senescence in 
wild lowland pacas (Cuniculus paca): implications for harvest sustainability 
 By analyzing the ovaries and the pregnancy status of genitalia from paca 
females donated voluntarily by local hunters living in 6 communities in Amazonia, I 
obtained more realistic measures of age at maturity, first reproduction and 
reproductive senescence for the species. These three parameters are extremely 
important for running sustainability models, but most of the information for lowland 
pacas used in models so far has come from studies in captivity. I found that 
ovarian functionality was initiated in pacas with 4 months of age, consequently 
generating a first reproduction at 9 months of age. I did not find any evidence of 
senescence in lowland pacas, which may indicate that pacas may reproduce along 
their entire life span in the wild. The age at first reproduction estimated in our study 
was at least 3 months lower than classical estimates (usally 12 months of age), 
which consequently determined an increase in the value of rmax to 0.6 in regard to 
the recent figure published by Mayor et al. (2017) of 0.54. This means that paca 
populations may increase at a higher pace than previously expected, which is a 
positive sign for its management. However, a better understanding of the density-
dependent responses of paca reproduction to hunting is needed to confirm this, as 
well as for the development of more complex population models, in which age of 
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first reproduction is still important but applied independently from calculations of 
the rmax. This led me to the development of the Chapter 6, in which I validate a 
citizen-science method to collect reproductive data and assess the hunting impacts 
on reproductive and population parameters of the lowland paca. 
 
Chapter 6. Involving local communities for effective citizen science: determining 
game species’ reproductive status to assess hunting effects in tropical forests 
 By comparing the diagnoses of the pregnancy status of genitalia of lowland 
paca conducted by technicians and people from 15 Amazonian local communities, 
I was able to confirm that local people are effective at detecting pregnancies in 
lowland pacas, unmistakenly diagnosing the pregnancy status especially after 
training and in late pregnancy stages. This result enabled me to correct data from 
an 18-year citizen science project in 5 communities in central Amazonia, in which 
hunters diagnosed pregnancy of lowland pacas, to detect hunting impacts and the 
density-dependent response of paca populations to harvest. Pacas showed higher 
pregnancy rates in years with lower mean capture-per-unit-effort of hunting trips 
(as a proxy of paca abundance), and years with higher pregnancy rates matched 
with years with higher number of juvenile individuals in the population. Such 
information is challenging to obtain in the field, and this study was one of the first to 
document the patterns of density-dependent responses to hunting of a tropical 
game species and provided crucial data to be used in sustainability models. It has 
also shown how local people can be included in research as citizen scientists to 




7.2 Future directions and opportunities for research 
 In my first data chapter, I was able to determine that socio-economic and 
cultural factors were important in determining wild meat consumption rates, 
including those rarely tested in other research, i.e., number of hunters in the 
household and meat flavour preferences. However, there are additional drivers of 
wild meat consumption in local communities not tested in my study that appeared 
in other researches (see Chapter 1). Drivers such as household income, 
profession, preference for other activities, age of the hunters, raising of domestic 
animals, and religious affiliation are known to affect wild meat use (e.g., Knoop et 
al 2020). In this sense, my study complements other published data, but there is 
still a need for further researches that investigate the relative importance of all 
drivers of wild meat consumption in all representative regions throughout the 
Amazon. 
 Wild meat consumption and trade in Amazonian urban centres was 
considered negligible as reflected in publications, such as Rushton et al. (2005) 
and Nasi et al. (2011). In my two first data chapters, I show very clearly that, 
despite regulations, wild meat flows freely from forest to urban markets. My 
investigation for the State of Amazonas, which encompasses ~30% of the Amazon 
basin, provides the first large-scale estimation of wild meat consumption and trade 
in Amazonian urban centres. This body of work is important because research on 
wild meat consumption and trade in the urbanized Amazon is still rare (but see 
Parry et al. 2014; Morcatty et al. 2015; Mayor et al. 2019). My results are important 
in highlighting the wild meat trade in a large area of the Amazon and putting wild 
meat consumption in urban areas within the topics to be considered when 
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developing management strategies for the sustainable use of wild meat in this 
biome. Further studies that assess the dynamics of the trade within the cities and 
that includes other Amazon regions are needed.   
 The large-scale estimation of the amounts of wild meat consumed in 
Amazonian cities can be seen as a first look of the situation. But I recognise that 
there were limitations that should be addressed in future studies. The fact that data 
were gathered during different periods for the various cities and that sample sizes 
were unequal between surveys may have affected the results. I also use a formula 
of consumption, specifically derived for this study, which may be limited by using 
reports on wild meat consumed by Indigenous communities from 25 years ago to 
determine the amount of daily wild meat consumed per wild-meat based meals. 
Although these average wild meat consumption rates were useful for the purposes 
of the study, more up-to-date information of wild meat consumption are required. 
Another possible limitation of my study may be related to the fact that interviewees 
may have underreported consumptions rates due to the sensitivity of the topic, 
especially in larger Amazonian cities, as suggested in Chaves et al. (in review). I 
was able to show that numbers predicted by our model matched those calculated 
by other authors in the same cities (i.e., van Vliet et al. 2015, Chaves et al. 2017). 
Nonetheless, more accurate information on wild meat use, directly obtained from 
households, indirect methods, or through records of wild meat amounts traded in 
urban markets will increase our understanding. An example of such studies is 
Chaves et al. (2020) which focused on turtle and tortoise consumption in central 
Amazonia. This study, based on a large number of consumer interviews (using 
indirect methods) simultaneously gathered in 10 cities was able to determine how 
migration and generation changes affect wild meat consumption in cities; over 1.7 
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million turtles and tortoise are consumed annually by urban residents. Such studies 
should be replicated not only within the tropical forest biome in Amazonia but also 
in others, in particular in those less preserved regions in western and southern 
Amazonia. Here, deforestation may have more significant impacts on wild meat 
use. 
 The sale of wild meat is used by local hunters to generate income that can 
be used to obtain essential goods, such as gasoline, hygiene items, medicine or 
even food items. Commonly, it is the wild meat that remains surplus after feeding 
the family that is traded, and this trade often involves more resilient animals. This is 
very different from wildlife trafficking, which is highly predatory since actors are 
motivated by high cash returns, and often biased towards the sale of rare species. 
Thus, those involved in wild meat trade in cities are often local vendors or the 
hunters’ family members. Accordingly, wild meat trade must be seen as support of 
the domestic economy that guarantee food and income security to millions of 
Amazonian people rather than a threatening and criminal activity. 
 Future research projects should therefore consider the importance of wild 
meat as food and income in order to support the development of effective policies. 
This is particularly important since current policies in Amazonian countries often 
severely restrict or even ban wildlife consumption and trade pushing wild meat use 
deep underground, making it difficult to monitor, research and, most importantly, to 
manage (Antunes et al. 2018, van Vliet et al. 2019). To promote a sustainable and 
inclusive wild meat management in Amazonia, better information on the most 
hunted wild species are needed to inform hunting and trade policies. However, 
local stakeholders, who are the first-hand users of the resource, and are the most 
affected by inefficient policies, must be integrated into research strategies and 
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involved in decision-making. In particular, it is crucial to establish the actual rates of 
the wild meat extraction and estimate the impact of hunting for trade and 
subsistence on wild animal prey populations. Studies that refine the population and 
life-history information on game species, and combine the monitoring of harvests 
and of the status of wild populations stocks are needed to determine how best to 
control and regulate the use of a resource that is fundamental to many millions of 
consumers. 
 Biological data on game species are an essential information to inform 
sustainability and guide decision-making on wild meat management; however, 
such data are lacking for most Amazonian game species. Following a study by 
Conde et al (2019), which reviewed the available knowledge of life-history 
parameters of 32,144 tetrapod species contained in 22 data repositories, I 
examined the data available for Amazonian game species. A total of 222 species 
(amphibians, reptiles, birds and mammals) are hunted within the Amazon (Antunes 
et al. unpublished data). Of these 211 (95.0%) are listed in Conde’s et al. (2019) 
demographic database and 206 (97.6%) contained reproductive information for at 
least one parameter (Table 1). For all groups, information available is mainly on 
age at first reproduction and litter size, parameters that are more easily obtained 
from captive animals. Crucial parameters such as proportion of reproductive 
females and recruitment rates are virtually inexistent for all species and groups. 
These parameters are crucial for determining variables such as the rate of 
population increase which are needed in models of sustainable hunting and should 




 Table 1. Number of species among the 211 Amazonian hunted species for which 
each reproductive parameter is available, by taxonomic class (Amphibia, Aves, 
Mammalia and Reptilia). 
  
 Of greater concern is the reliability of the data available on the reproduction 
of Amazonian game species. As shown in Figure 1, most data are derived from 
unknown sources, hence it is not possible to infer whether they were from captive 
or wild populations. As a result, the use of these data on sustainability models can 




(n = 1) 
Aves 
(n = 104) 
Mammalia 
(n = 78) 
Reptilia  
(n = 23) 






1 (0.96%) 39 (49.4%) 2 (8.7%) 
Litter/clutch size 1 (100%) 104 (100%) 78 (100%) 23 (100%) 
Proportion of 
reproductive females 
0 (0%) 1 (0.96%) 0 (0%) 0 (0%) 
Recruitment 0 (0%) 1 (0.96%) 0 (0%) 0 (0%) 
Age- or stage-specific 
fertility rates 












Figure 1. Source of the information across the 22 data repositories analysed and 
compiled by Conde et al. (2019). Each number in the diagram represents the 
distribution of the 211 Amazonian game species analysed and whether the sources 
for reproductive information was from wild, captive or unknown origins, or a 
combination of these sources. 
 
 In my chapters that focussed on the biological aspects of lowland paca, I 
showed that by increasing stakeholder participation in data collection I was able to 
refine life-history data on this game species, filling in some critical knowledge gaps 
such as reproductive and recruitment rates (Mayor et al. 2017). Because local 
people interact everyday with their environment and in fact handle the animals they 
hunt, data collection in conjunction with scientists can be easily integrated into their 
daily lives. This is especially appropriate in tropical forests where data is scarce 
and data collection by conventional methods can be laborious and resource- and 
time-consuming (Anadón et al. 2009). In this thesis, I was able to calculate more 
precise measures of the reproductive rates of the lowland paca, estimate age at 
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maturity and litter size, as well as assess reproductive seasonality and density-
dependent effects of hunting, all with the help of local hunters living in remote 
communities in Amazonia. 
 Internal organs of game species are often discarded by hunters and 
neglected by researchers. The examination of male and female reproductive 
organs in particular, can provide researchers with an invaluable opportunity to 
improve our knowledge of the reproductive biology of wild animal populations. 
These materials can be gathered in large numbers and can thus offer faster and 
more reliable information on game species than captive studies. Community-based 
data collection schemes that involve the participation of many hunters has shown 
to be effective in gathering this vital information in a number of Neotropical sites, 
i.e. in the Peruvian Amazon (Mayor et al. 2017), French Guiana (Dubost et al. 
2017), and in Brazilian Amazonia (El Bizri et al. 2020). Such participatory methods 
can be applied in other parts of the world. For instance, collection of such type of 
data would improve our understanding of game species biology in Afro- and Asian 
tropical forests, for which there is still a trying lack of biological information on 
hunted species (see van Vliet and Nasi, 2019 on the lack of data on blue duikers in 
Africa).  
 There are advantages, but also challenges, in applying methods that involve 
hunters in the collection of biological materials. In Table 2, I summarize the main 
advantages and difficulties of such method. The main advantage is that hunters 
have a first-hand access to game species, and of the biological materials needed 
to improve our scientific knowledge. Often, genitalia are not consumed by hunters, 
so hunters can be convinced to participate in programmes in which they can 
donate these materials. The collection of biological materials by hunters is not an 
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onerous chore for them and if properly introduced the local community will benefit 
from the information gathered, increasing their interest and further their 
commitment to this approach. Despite the obvious advantages, one of the main 
difficulties is related to the storage and transportation of samples, especially of 
larger species. Collection and storage of genitalia of small animals can be done 
once hunters return to their village but reproductive organs of large animals are 
usually discarded by hunters in the forest before returning to their villages. As a 
result, obtaining a large enough sample size of some species, e.g., lowland tapir 
(Tapirus terrestris) can take longer since only occasionally entire animals are 
brought back to the communities (Mayor et al. 2017). In the last data chapter of this 
thesis, however, I have shown that a citizen-science project in which hunters not 
only collect the genitalia, but also diagnose the pregnancy status of hunted 
specimens in the field, can be an invaluable alternative, especially for large 
species. This methodological arrangement not only provided reliable data as soon 
as hunters are properly trained to diagnose the pregnancy status even at very early 
stages. The participatory diagnosis of pregnancy is somewhat limited compared to 
the collection of whole genitalia, since the latter can offer the opportunity for further 
investigations (i.e., foetal development, maturity). Ultimately, both methods can be 










Table 2. A summary of advantages and disadvantages of a participatory collection 
of biological materials with the help of local communities in tropical forests. 
Aspect Advantages Disadvantages 
Level of 
participation 
It is a voluntary collection inserted 
within the habitual activity of local, 
which tends to increase participation 
and minimize effort of training. 
Due to its voluntary nature, it does 
not allow the continuous and 
seasonally equivalent collection of 
wild fauna over a year. 
Rate of data 
collection 
It is an indirect, opportunistic and 
non-invasive strategy that uses the 
biological material of hunted animals 
that communities normally discard; 
therefore, these animals are not 
collected for the purpose of a specific 
study, avoiding unnecessary 
additional deaths. 
It is a slow collection, which may 
involve a long sampling time, 
especially for less frequently hunted 
species; therefore, it is important to 
estimate the collection time for and 
the number of communities required 
to be part of each study. 
Representation of 
the system 
The collection may reflect the real 
proportion of species hunted, and 
species that receive greater anthropic 
pressure through hunting turn into the 
priority of studies and best 
management practices. 
On some occasions, when a large 
animals (e.g. tapirs) are killed, or 
when animals are hunted in places 
far from communities, hunters 
discard their viscera in the forest. 
Therefore, although these species 
can be hunted frequently and 
important to the diet of the 
residents, it is more difficult to obtain 
samples of these animals. 
Operationalization Its implementation is relatively simple 
and cheap and depends to a large 
extent on the relationship of the 
technical team with the local 
community. The main requirement for 
maintaining this type of collection is to 
dedicate the necessary time and 
attention to the residents so they feel 
motivated to collect the samples, 
supply them with the few equipments 
this type of collection requires, and 
return periodically with the results of 
the analyses. 
Communities are often isolated, 
which makes coordination and 
transportation of equipments and 
samples difficult. 
 
 Due to lack of knowledge on life history of game species, most sustainability 
models implemented over the last 30 years were simplistic and relied on imprecise 
population parameters (Weinbaum et al. 2013). Although several models that 
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consider complex population dynamics and stochasticity, such as agent-based 
models (ABMs) have been recently developed, these relied on static indices of 
population growth (i.e., rmax). Reproductive and recruitment rates are therefore 
simplistic since they do not consider multiple parameters and interactions within 
the population, including age- and sex-structure, reproductive seasonality, and 
density-dependent effects. These models have attempted to add complexity to our 
understanding of hunting dynamics and landscapes, but left species with the same 
level of inaccuracy as simplistic models used before (see Iwamura et al. 2014).  
 The results and methods presented in this thesis can generate more 
appropriate data for inclusion in complex (and more realistic) population dynamics 
models. Through these models, it is possible to improve the representation of the 
structure of reproductive dynamics, making the model more effective at 
representing these phenomena (Weisberg 2006). The advantage of incorporating 
complexity and realism to reproduction traits is that the final model allows 
researchers to test a range of management strategies otherwise impossible to 
conduct relying solely on static indices such as rmax. For instance, we have shown 
that seasonal hunting may pose distinct risks to a hunted species depending on the 
species’ reproductive seasonality, especially in cases when hunting occurs when 
more females are pregnant. In addition, hunting individuals from different age-
classes, sexes and reproductive status can have different outcomes. A complex 
and realistic model could be used to test a large range of management schemes 
such as quotas, sex-biased hunting, source-sink dynamics with fixed and rotating 
no-take areas, and hunting seasonality.  
 The Amazon rainforest is the largest remnant of tropical forest in the world 
and contains more than 30 million people that are in direct contact with wildlife, 
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using them as a source of meat and income as part of their culture. Nevertheless, 
wildlife management in the region is still absent or conducted informally. Therefore, 
I hope that my findings provide a better understanding of the persistence and 
drivers of wildlife consumption by rural and urban inhabitants, as well as the 
importance of refined life-history information needed for calculating sustainable 
models. Considering the great advance in knowledge obtained for the lowland 
paca in this thesis, more complex, realistic population dynamics models can now 
be performed, and, consequently, management strategies can be tested for the 
species. Ultimately, I hope the approach applied in this thesis could be a role-
model for future studies on several other game species in the Amazon and support 
the development of sustainable management strategies for highly hunted species 
in the biome and other tropical forests around the globe. 
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integration of local people into the wider 
market economy in the recent decades 
has driven the switching of hunting for 
home consumption to trading and fulfill-
ing city markets’ demands for wild meat, 
exacerbating wildlife harvest in the tropics 
(Benítez-López et al. 2017; Ripple et al. 
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Introduction
In tropical forested regions throughout 
the world, increasing human populations, 
better access to previously unhunted areas, 
and improvements in hunting technologies 
have intensified pressures on wildlife and 
habitats (Coad et al. 2019). In addition, the 
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such as manioc flour, fish, and wild meat 
(Lima 2009). Although households in rural 
communities regularly exchange fish and 
wild meat as part of a local reciprocity 
system (Lima 2009), recent studies show 
that trade in wild meat also occurs within 
and between communities (Morcatty and 
Valsecchi 2015).
Differences in market connectivity, 
type of habitat, as well as the cultural back- 
ground of communities, are known to influ-
ence patterns of wild meat consumption 
and trade (Chaves et al. 2019; Morcatty and 
Valsecchi 2015; van Vliet and Nasi 2008). 
However, there is still a lack of knowledge 
of potential drivers of wild meat use in 
more isolated Amazonian communities. 
For instance, people’s willingness to engage 
in conservation and land use management 
depends on their place attachment and 
how they identify with their surroundings 
(Walker and Ryan 2008). These bonds are 
strongly influenced by people’s time of resi-
dence in an area (Hernández et al. 2007). 
Although to our knowledge never tested for 
wildlife exploitation, hunting pressure and 
frequency of trade in Amazonian commu-
nities may differ between long-standing 
inhabitants and newcomers. 
Cooperation among hunters is likely to 
increase hunting yields (Alvard and Nolin 
2002); however, it is unclear whether a 
larger number of related hunters within a 
household can increase hunting and trade 
rates. Additionally, although abundance 
and body mass influence the species hunt-
ers pursue (Peres 2000), there is little data 
available on how taste preferences affect 
hunting choice and consumption of game 
species. 
Determining patterns and correlates of 
wild meat consumption and trade among 
remote Amazonian communities will allow 
a more accurate understanding of the use 
of wildlife resources in the region, and 
to foster more effective strategies for the 
sustainable use of Amazonian fauna (Levi 
et al. 2009). In this study, we measured 
consumption and trade patterns of wild 
2016). In this context, understanding the 
livelihood, economic, and cultural values 
of wild meat (here considered as any wild 
vertebrate animal used for food, excluding 
fish) and the drivers of hunting and trade in 
tropical forests is fundamental to develop-
ing strategies for the conservation of game 
species and to guarantee food sovereignty 
of local people (Coad et al. 2019). 
In the Amazon basin—a region that 
encompasses c. 4,982,000 km² of tropical 
forests shared by eight countries in South 
America—wild meat represents important 
sources of food and income for many forest 
peoples (Sarti et al. 2015), especially where 
meat from domestic animals is scarce or 
expensive (Nunes et al. 2019a). Together 
with manioc (Manihot esculenta) flour and 
fish, wild meat comprises one of the main 
components of the diet of rural and Indig-
enous communities in the Amazon (Adams 
et al. 2009). In the Brazilian Amazon alone, 
according to Peres (2000), as many as 23.5 
million game vertebrates are hunted for 
subsistence yearly by rural and Indigenous 
communities. 
As well as consuming wild meat, hunt-
ers also sell part of their quarry to nearby 
communities or in urban centers to comple-
ment their income and to enable them to 
purchase urban goods such as salt, oil, and 
clothes (Antunes et al. 2019; Morcatty and 
Valsecchi 2015). The trade in wild meat in 
Amazonia occurs within and between rural 
communities and in urban areas (Chaves 
et al. 2019; van Vliet et al. 2015a, 2015b). 
Rural communities and urban centers are 
connected especially by 1) the typical 
multi-sited household organization, i.e., 
a network among relatives that connects 
different localities, with community-based 
or commercial boats carrying people 
and goods between localities (Chaves et 
al. 2019; Padoch et al. 2008), and 2) the 
riverine trader, or “patron,” who acts as 
an intermediary in commercial relation-
ships, traveling between urban centers 
and rural communities selling industrial-
ized products and buying forest products, 
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meat within remote rural communities in 
the Jutaí River basin, in central Amazonia. 
We also assessed the social and biological 
factors that may influence the consumption 
rates, trade, and pricing of wild meat by 
these communities.
Materials and Methods
Study Area and Cultural Context
This study was conducted in the Jutaí 
River Extractive Reserve, in the Jutaí River 
basin, between the Jutaí and Riozinho 
Rivers (Figure 1). The Jutaí River Extractive 
Reserve is 2755 km², mainly covered by 
upland forests, although other vegeta-
tion types occur to a lesser extent (e.g., 
white-water and black-water flooded 
forests). Annual precipitation in the reserve 
averages 883 mm per month in the rainy 
season (December–March) and 665 mm 
per month in the dry season (June–Septem-
ber). A total of 1221 riverine people, 
distributed among 223 families within 24 
communities (11 on the Jutaí River and 
13 on the Riozinho River), live in the Jutaí 
River Extractive Reserve (ICMBio 2011). 
The city of Jutaí, with 17,964 inhabitants, 
is the closest urban center from the Jutaí 
River Extractive Reserve, 75–200 km (92.2 
 54.7 km) from the sampled communities 
by river.
Extractive reserves are a category of 
protected areas defined by Brazilian envi-
ronmental law (Law No. 9985/2000) as a 
“sustainable use conservation unit,” mean-
ing that local populations living within it 
are allowed to use natural resources. In 
the past, extractive families lived scattered 
along Amazon rivers working in rubber 
tapping. During the 1970s, the Catholic 
Church brought together extractive fami-
lies into organized communities (Lima 
and Peralta 2017). With the support of the 
progressive branch of the regional Catholic 
Church, community dwellers in the Jutaí 
River basin created the Jutaí River Extractive 
Reserve in 2002. Inhabitants of the Jutaí 
River Extractive Reserve call themselves 
extrativistas (extractive people), mean-
ing that they are non-Indigenous people, 
descendants of Amazonia’s colonial history 
(Lima 2009). They are better referred to as 
“agro-extractive,” given their engagement 
in agriculture, fishing, hunting, logging, and 
other extractive activities (Fraser et al. 2018).
Figure 1. A map showing the location of the Jutaí River Extractive Reserve, central Amazonia, and the 16 sampled 
communities settled on the Jutaí and Riozinho Rivers.
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data collection protocol was approved by 
the Committee on Research Ethics of the 
Mamirauá Sustainable Development Insti-
tute (Protocol #001-2011).
Data Analysis
We used descriptive statistics to 
describe the frequency of consumption of 
wild meat, the means by which wild meat 
is obtained, most consumed and preferred 
taxa, and the number of people selling 
wild meat along with prices. The global 
threat status of the consumed taxa was 
classified according to the International 
Union for Conservation of Nature (IUCN) 
Red List threat categories (IUCN 2019). If 
local names provided by informants did 
not allow us to unequivocally catalog the 
species, we used genus or family. 
The amount of wild meat consumed 
monthly per household was estimated 
using the following formula (see El Bizri et 
al. 2020): 
 B  0.18 Fc*Npeople (1)
where B is the wild meat biomass 
consumed; 0.18 is a working value of grams 
of wild meat consumed per person, per day 
on which wild meat was eaten (obtained 
from a study of 13 Indigenous communities 
[Ojasti 1996]); Fc is the declared monthly 
frequency of wild meat consumption in 
the household; and Npeople is the number of 
people living in the household. The over-
all monthly biomass consumed in the 51 
households was calculated by summing the 
values for all informants. For those infor-
mants who did not declare their frequency 
of consumption (n  8 or 15.7% of the 
total number of informants), we applied the 
average Fc for all informants. We estimated 
the amount of meat consumed of each 
taxon by using the percentage citations of 
the taxon of the overall biomass (B). The 
number of individuals consumed was esti-
mated by dividing the biomass consumed 
of each taxon by the body mass of eviscer-
ated specimens for the taxon (see El Bizri et 
al. 2020; García et al. 2004). 
Data Collection
We interviewed household heads of 
a total of 51 different families in 16 Jutaí 
River Extractive Reserve communities from 
June 9–19, 2014. Within each community, 
we selected households in which the head 
was available for interview (i.e., not occu-
pied with other activities). We were able to 
interview at least one household from each 
community (average: 3.2  2.8 house-
holds/community). 
We used a standardized, semi- 
structured questionnaire (Supplementary 
Table 1) to ask interviewees the following 
questions: 1) background information: age 
of the interviewee, number of residents in 
the household, number of hunters in the 
household, whether the household head 
was born in the community (yes/no, here-
after origin), and residency time in the 
community (in years); and 2) wild meat 
consumption and trade patterns: frequency 
of eating wild meat (in days per month), 
how wild meat is obtained (i.e., hunting, 
buying, earning as a gift, or exchanged with 
other products), the most consumed (open 
question) and the three most preferred (in 
terms of meat flavor) taxa, whether wild 
meat is sold by the household (yes/no), and 
if sold, where (city or their own/neighbor-
ing communities) and what taxa are sold, 
the sale unit (i.e., entire specimen or in kg), 
and price it sells for. 
Participants were familiarized with our 
consultation process, as well as the aims of 
the study prior to the interview. We held a 
joint meeting with all available residents 
in each community at the time of the visit, 
during which we presented the aims of our 
visit and interviews. We also clarified that 
respondents were free to participate in the 
study and to leave the study at any time, and 
that they were free to refrain from respond-
ing to questions they were uncomfortable 
to answer. All visited households agreed 
to participate. Interviewees were provided 
with an Informed Consent Form detailing 
the project aims and guaranteeing that their 
identities would remain anonymous. The 
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We used Generalized Additive Models 
for Location, Scale, and Shape (GAMLSS) 
to test the effects of social and biological 
factors on consumption and trade patterns 
of wild meat. Firstly, we tested whether the 
frequency of consumption and the proba-
bility of selling wild meat varied with the 
residence time in the community (calcu-
lated as percentage of the number of years 
the interviewees declared they had lived 
in the community divided by their age), 
and the number of people and hunters in 
the household. We then assessed whether 
the percentage citations of consumed taxa 
were related to the percentage citations of 
preferred taxa, as well as the effect of the 
size of the taxa (body mass) on percentage 
citations. In addition, we built a model to 
test whether the price per taxon is related 
to their body mass and to the locality 
where sold (whether urban centers or 
within/among communities), using taxa as 
a random effect due to differences in the 
number of citations among them. Body 
mass of all mentioned taxa was obtained 
from García et al. (2004) and from Robin-
son and Redford (1986). Prices per taxon 
were calculated in USD/kg; when the sale 
unit was the entire specimen, we divided 
the price by the eviscerated body mass of 
the species or taxon (García et al. 2004). 
We adjusted for inflation and converted 
the selling price for each taxon by employ-
ing the exchange rate for June 15, 2014 to 
convert Brazilian reals (R$) into US dollars 
(R$ 2.24  1.00 USD), based on the 
General Price Index for Brazil estimated by 
the Getúlio Vargas Foundation1. 
To build the models, we tested combi-
nations of predictor variables in linear or 
non-linear relationships using different 
distribution families. Firstly, we checked 
for collinearity among variables. Since the 
number of people was positively correlated 
with the number of hunters in the house-
hold (Spearman R  0.66), these variables 
were never included in the same models, 
but tested separately. Final models were 
selected based on the Akaike Information 
Criterion (AIC), considering all models with 
good support as those with AIC values 
smaller than two in relation to the model 
with the smallest AIC. In cases when more 
than one model was best fitted, we selected 
the model with the smallest number of 
parameters (simplest model).
We used R 3.3.3 software and gamlss 
R-package for generalized additive models, 
and GGally R-package for the collinearity 
test. For the variables’ effects, we assumed 
significance when p  0.05.
Results
Wild Meat Consumption Patterns 
Households were occupied by seven 
people on average, and the number of 
hunters in households ranged from none 
to six people (Table 1). The majority of 
the respondents were born outside of the 
sampled communities. All interviewees 
confirmed that they ate wild meat, with the 
vast majority of respondents getting wild 
meat by hunting themselves or receiving it 
from their neighbors (Table 1). Buying wild 
meat or exchanging it for other products 
occurred less frequently (Table 1).  Those 
who exchanged products for wild meat did 
so for sugar, kitchen oil, soap, petrol, flour, 
or bananas. 
People declared consuming wild 
meat on an average of 3.2  2.8 days/
month/household, resulting in a total of 
198.85 kg of wild meat consumed per 
month by all surveyed households. The 
declared frequency of wild meat consump-
tion was positively correlated with the 
number of hunters within the household 
(Table 2; Figure 2). However, there was 
no relationship between the number of 
persons occupying the household or with 
the percentage time of residency in the 
community and the frequency of wild 
meat consumption (Table 2; Figure 2). 
This suggests that the origin of the family 
(whether born in the community or not) 
does not influence wild meat consump-
tion, and that the number of hunters in the 
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household is more important to define wild 
meat consumption rates than the amount 
of people in a family depending on these 
hunters for food provision. 
Most Consumed and Preferred Taxa
Sixteen taxa were mentioned by inter-
viewees in a total of 140 citations of the 
most consumed wild meat. Mammals 
were the most cited group, followed by 
birds and chelonians (Table 3). Six taxa, 
namely paca (Cuniculus paca), collared 
peccary (Pecari tajacu), Razor-billed Curas-
sow (Mitu tuberosum), Juruá red howler 
monkey (Alouatta juara), white-lipped 
peccary (Tayassu pecari), and tapir (Tapirus 
terrestris) represented 78.6% of all cita-
tions. Overall, an estimated 47 individuals 
of all taxa were consumed monthly by the 
51 households, the most common being 
curassows and paca. Among the cited 
taxa for which it was possible to identify 
the species (n  14), at a global level, six 
(42.9% of the taxa) are currently threat-
ened with extinction (Table 3). However, in 
terms of individuals consumed, threatened 
taxa represented only 9.8% (n  4.4 indi-
viduals).
As many as 17 different species were 
cited 117 times as preferred species by 
the interviewees. Mammals were the most 
representative group, followed by chelo-
nians, and then birds (Table 3). The top five 
most preferred taxa were the yellow-spotted 
river turtle (Podocnemis unifilis), curassows, 
white-lipped peccary, tapir, and paca, 
together comprising 75.2% of all citations. 
The percentage number of citations for 
consumption of each taxon was positively 
correlated with the percentage number of 
citations for preference (Table 2; Figure 3). 
We found no significant effect of species’ 
body mass on the percentage consumed.
Trade in Wild Meat
Regarding the trade of wild meat, from 
Table 1. Details on the households interviewed and their patterns of consumption and trade of wild meat in the 
Jutaí River basin.
Characterization of households and patterns of trade and 
consumption of wild meat
Average SD
N of inhabitants 7.0 3.5
N of hunters 1.4 1.0
Frequency of wild meat consumption (days/month) 3.2 2.8
Amount of wild meat consumed (kg/month) 3.9 3.8
N of respondents % of respondents
Origin of the respondents
Born in the sampled community 11 21.6
Born out of the sampled community 38 74.5
Not declared 2 3.9
Origin of the wild meat consumed
Hunted 38 86.4
Received from neighbors 34 77.3
Bought from neighbors 23 52.3
Exchanged for household products 12 27.3
Destination of the wild meat sold
Jutaí city 20 69.0
Neighbors or nearby communities 7 24.1
Both Jutaí city and rural communities 2 6.9
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ity of selling wild meat increased with 
the number of hunters in the household; 
households with more than three hunters 
had 100% of probability of selling wild 
meat (Figure 4). However, this probability 
was not related to the number of people 
in the household nor with the time of resi-
dency in the community.
Wild meat was sold at an average price 
of 5.6  4.2 USD/kg (6.0  4.4 USD/
kg in cities and 4.6  3.5 USD/kg in the 
communities). Fifteen taxa were recorded 
as sold; the number of taxa sold in the city 
being greater than in the communities (14 
[n  134 citations] vs. 10 [n  69 citations] 
taxa) (Table 4). The yellow-spotted river 
turtle was the most cited species sold in 
the city, while the tapir was the most cited 
species traded between neighbors and with 
nearby communities. The most expensive 
taxa were the yellow-spotted river turtle 
the 48 interviewees that responded to these 
questions, 30 (62.5%) declared selling wild 
meat. The trade in wild meat on the Jutaí 
River basin occurs between neighbors or 
nearby communities and in the Jutaí city, 
but most people declared selling exclu-
sively in the city (Table 1). For those selling 
in the city, most declared selling in only 
one single place within the city (n  11), 
five interviewees declared selling wild 
meat in two places, five others in three 
places, and one in four places. Localities 
where wild meat was sold in urban centers 
were in most cases houses of relatives in 
the city (n  14), followed by direct trade 
at the Jutaí city quay (n  9), to intermedi-
aries (n  7), delivered directly to peoples’ 
houses who pre-order wild meat (n  7), or 
directly to consumers in local fairs (n  3). 
Similar to the results for the frequency of 
wild meat consumption, the probabil-
Table 2. Details of the best-fit generalized additive models for location, scale, and shape (GAMLSS) for the 
frequency of consumption of wild meat, percentage of consumption per taxon, probability of selling wild 
meat, and prices applied according to a number of social and biological predictor variables on the Jutaí River 
basin, central Amazonia. Smoothers were fitted using cubic splines (cs) and p-splines (pb). AIC is the Akaike 
Information Criterion for the selected model, while AIC null is the difference between the AIC of the selected 
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BCTo Log 662.33 
(307.08)
Families of distribution: EXP = Exponential; ZAGA = Zero-adjusted Gamma; BI = Binomial; BCTo = Box-Cox-t 
original. *Statistically significant variables.
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consume larger amounts of wild meat than 
those having access to other meats in closer 
city markets (Chaves et al. 2017). Given 
that the communities in the Jutaí River 
basin are around 92 km from the nearest 
urban center, where markets selling domes-
tic meats are found, and are not culturally 
used to raise domestic animals, access to 
urban goods, especially domestic meats, 
is limited. Although we did not quantify 
this, according to informal reports, inhab-
itants of the Jutaí River basin travel to the 
city only once every two to three months. 
Thus, reliance on timber and non-timber 
and the curassow, independent of their 
sale destination (Table 4). Price per kg was 
higher in the city than in the communities, 
and a U-shaped trend pattern described the 
relationship between prices and gross body 
mass of the sold taxa (Table 2; Figure 5).
Discussion
Our results show that the use of wild 
meat as food and income in the Jutaí River 
basin is widespread, and most wild meat 
was obtained directly by hunters in the 
families. Amazonian communities further 
away from urban markets are known to 
Figure 2. Relationship between the frequency of consumption of wild meat and the number of hunters living in the 
household on the Jutaí River. Gray shaded area represents the 95% confidence interval. The y-axis is transformed 
into log (ln) scale.
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Table 3. Details of game taxa cited by 51 households of 16 local communities within the Jutaí River Extractive 
Reserve, central Amazonia, with their gross body mass, net body mass after evisceration, conservation status, 
percentage of citations as consumed and preferred, and wild meat biomass and number of individuals estimated 


























Lowland paca (Cuniculus 
paca)
8 6 LC 35 (25.0) 11 (9.4) 49.71 8.29
Collared peccary (Pecari 
tajacu)
25 13 LC 25 (17.9) 9 (7.7) 35.51 2.73
Razor-billed Curassow 
(Mitu tuberosum)
3 2.2 LC 20 (14.3) 21 (17.9) 28.41 12.91
Red howler monkey 
(Alouatta juara)
6 4 LC 11 (7.9) 0 (0) 15.62 3.91
White-lipped peccary 
(Tayassu pecari)
35 20 VU 10 (7.1) 19 (16.2) 14.20 0.71
South American tapir 
(Tapirus terrestris)
140 90 VU 9 (6.4) 14 (12.0) 12.78 0.14
Black agouti (Dasyprocta 
fuliginosa)
5 2 LC 7 (5.0) 2 (1.7) 9.94 4.97
Muscovy Duck (Cairina 
moschata)
3 2 LC 6 (4.3) 2 (1.7) 8.52 4.26
Yellow-spotted river turtle 
(Podocnemis unifilis)
8 3.5 VU 5 (3.6) 23 (19.7) 7.10 2.03
Brocket deer (Mazama 
spp.)
18.5 12.5 - 4 (2.9) 6 (5.1) 5.68 0.45
Spix’s Guan (Penelope 
jacquacu)
2 1.2 LC 2 (1.4) 1 (0.9) 2.84 2.37
Silvery woolly monkey 
(Lagothrix poeppigii)
11 8 VU 2 (1.4) 1 (0.9) 2.84 0.36
Maguari Stork (Ciconia 
maguari)




3 1.5 VU 1 (0.7) 0 (0) 1.42 0.95
Black-faced black spider 
monkey (Ateles chamek)
9 6.5 VU 1 (0.7) 1 (0.9) 1.42 0.22
Tinamous (Family 
Tinamidae)
1 0.6 - 1 (0.7) 0 (0) 1.42 2.37
South American giant 
river turtle (Podocnemis 
expansa)
40 18 LR/CD 0 (0) 2 (1.7) 0.00 0.00
Bald uakari (Cacajao 
calvus)
3.2 2 VU 0 (0) 1 (0.9) 0.00 0.00
Amazonian manatee 
(Trichechus inunguis)
400 256 VU 0 (0) 2 (1.7) 0.00 0.00
Yellow-footed tortoise 
(Chelonoidis denticulatus)
8 3 VU 0 (0) 1 (0.9) 0.00 0.00
Big-headed Amazon 
river turtle (Peltocephalus 
dumerilianus)
17 6.8 VU 0 (0) 1 (0.9) 0.00 0.00
Total - - - 140 (100) 117 (100) 198.85 47.37
LC = Least Concern; LR/CD = Lower Risk/Conservation Dependent; VU = Vulnerable.
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frequently used as reference for sharing 
wild meat (Lima 2009). The rules about 
vizinhar, such as which part or amount of 
the animal should be donated and to whom 
they should be donated, vary widely among 
societies (Almeida et al. 2002). For exam-
ple, in Riozinho da Liberdade Extractive 
Reserve, in the Brazilian Amazon, half of 
all hunted wild meat was given to other 
village members (Nunes et al. 2019b). In 
the Ipaú-Anilzinho Extractive Reserve, also 
in the Brazilian Amazon, the killed animal 
is divided among the hunters that partici-
pated in the hunting event, but the hunter 
forest products is the norm. In addition, 
the lack of access to reliable electricity 
supply still does not permit Jutaí River basin 
inhabitants to refrigerate domestic meat or 
perishable foods for long periods. 
A high proportion of respondents 
received wild meat as gifts from neighbors. 
This is not unusual in many rural and tradi-
tional societies, reinforcing social bonds 
and improving food security among closely 
related people and relatives (see Gurven 
2004). In Amazonian communities, there 
is a term called vizinhar that means shar-
ing products with the neighbors, which is 
Figure 3. Relationship between the percentages of wild meat consumption per species according to the percentage 
of preference of meat flavor of the species on the Jutaí River. Gray shaded area represents the 95% confidence 
interval. The y-axis is transformed into log (ln) scale.
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who shot it has preference over certain 
parts (Figueiredo and Barros 2016).
Wild meat was traded within and 
between our study communities. Buying 
wild meat from neighbors eliminates long 
periods spent hunting, time that can be 
dedicated to other income-generating 
activities, e.g., farming and fishing. In addi-
tion, when some communities purchase 
wild meat from others, it may actually alle-
viate pressure on game populations in their 
hunting zones. For wild meat traders, sell-
ing the product locally also requires lower 
investment in transport and meat preserva-
tion. Comparative information on the trade 
of wild meat within and between rural 
communities in the Amazon and other 
parts of the tropics is still scarce. However, 
some studies indicate that the amounts of 
wild meat sold inside communities can 
vary significantly. For instance, Coad et 
al. (2010) estimated that only 8.5% of the 
overall wild meat offtake in a community in 
Gabon was sold within it. In another exam-
ple, Morcatty and Valsecchi (2015) found 
that 31.4% of tortoises hunted in Amazonia 
were sold within or between neighboring 
communities. 
Figure 4. Probability of people selling wild meat on the Jutaí River according to the number of hunters living in the 
household. Gray shaded area represents the 95% confidence interval.
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(van Vliet et al. 2015b). These strategies are 
so far effective, since information on wild 
meat trade in cities in Brazilian Amazonia 
indicates a lucrative wild meat market that, 
despite being forbidden by law in the coun-
try (Law No. 5197/1967), is worth over 35 
million USD annually (El Bizri et al. 2020).
One important finding in our study 
was that the more hunters there were in 
a household, the higher the household 
frequency of consumption and amount of 
wild meat sold was. Cooperation among 
hunters, often close relatives (e.g., Alvard 
2003), led to higher hunting success and 
return rates (e.g., Alvard and Nolin 2002; 
Hitchcock et al. 1996). In particular, more 
hunters in the household also means 
that large-sized species, such as pecca-
ries and tapirs, which usually require 
several hunters, can be hunted. In addi-
tion, more hunters in a household may 
mean that the likelihood that at least one 
household member has ties to outside 
markets increases. It will likely also lead 
to increased skills and knowledge sharing 
about hunting, including those related to 
pathways and mechanisms for the sale of 
wild meat, enabling the persistence of the 
wild meat trade as a culturally acceptable 
practice in the region. 
Van Vliet et al. (2015a) showed that 
some Amazonian urban hunters may 
supply urban markets with wild meat 
directly, but our study revealed that more 
than half of the interviewees living in rural 
areas of the Jutaí River basin sold wild meat 
exclusively to urban centers. This corrob-
orates data from the Peruvian Amazon, 
which show that 6.5% of the total harvest 
in rural areas is sold in cities (Bodmer and 
Lozano 2001). In Amazonian cities, wild 
meat is commonly traded within local fairs 
but can also be sold from the hunters’ or 
intermediaries’ houses, in the streets, and 
at docks (Chaves et al. 2019; El Bizri et al. 
2020). We showed the importance of hunt-
ers having links with people living in the 
city, since most interviewees declared that 
wild meat was sold from relatives’ houses. 
This may be a means of avoiding detection 
and prosecution for selling wild meat. In 
other cities, strategies for selling wild meat 
differ in response to law enforcement and 
surveillance intensity by the authorities. 
For instance, in the Amazon tri-frontier 
region between Colombia-Brazil-Peru, 
hunters already use cell phones to inform 
their clients about the availability of wild 
meat and sell the product directly to their 
consumers, thus avoiding potential controls 
Figure 5. Price of wild meat (in USD/kg) on the Jutaí River according to (A) destination of the product (whether 
bounded to urban markets or traded within and between rural communities) and (B) body mass of the species. 
Gray shaded area represents the 95% confidence interval. The y-axes are transformed into log (ln) scale.
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tortoise (Chelonoidis denticulatus) meat in 
central Amazonia. However, the observed 
prices increased only by 24% from rural 
communities to urban centers, which prob-
ably reflects an additional amount to cover 
travel costs. Considering that urban inhab-
itants generally have a higher income and 
greater purchasing power than inhabitants 
from rural and weakly-monetized commu-
nities, the small difference in price might 
indicate that the wild meat in the Jutaí city 
is not a luxury item, i.e., only accessed by 
the wealthier class, as suggested for African 
cities (e.g., Fa et al. 2009). 
Our results show that wild meat still 
plays a crucial role in communities that 
are considerably isolated from urban 
centers on the Jutaí River basin in central 
Amazonia, being used to guarantee both 
the subsistence and the economy of local 
people. A number of social and biological 
factors seem to be related to the consump-
tion and trade of wild meat in the region, 
especially the number of hunters in the 
household, taste preferences, and species’ 
body mass, and should be considered for 
designing any conservation strategy. There-
fore, once we understand the livelihood, 
economic, and cultural value of wild meat 
consumption, it is possible to develop 
management programs that consider local 
peoples’ needs and enhance the sustain-
able use of wild species.
Rushton et al. (2005) argued that, in 
rural areas of South America, wild meat 
could potentially be substituted by domes-
tic meat, especially in Brazil, where there 
are high rates of livestock production, 
ultimately reducing the impacts of hunt-
ing. However, a complete transition from 
eating wild meat to exclusively eating beef 
in Amazonia would require the spending 
of around 90% of the total wages of local 
people and the conversion of large portions 
of Amazonian forests into pasture (Nunes 
et al. 2019a). Game species represent 
culturally important elements for Amazo-
nian people, meaning that the depletion 
of their populations would affect not just 
Since percentage citations of consumed 
taxa was related to the citations of favored 
taxa, this suggests that local perceptions on 
species’ flavor is likely to play a crucial role 
in determining diet breadth in the Jutaí River 
basin (e.g., Renoux and de Thoisy 2016). For 
some groups, such as chelonians, however, 
they may be consumed less frequently 
despite being highly preferred. Chelonians 
are highly valued, appearing among the 
top hunted species throughout the Amazon 
(Chaves et al. 2019; El Bizri et al. 2020; 
Peres 2000), but their capture is highly 
seasonal and most of the yield is frequently 
traded instead of consumed (Morcatty and 
Valsecchi 2015; Pantoja-Lima et al. 2014). 
In addition, Amazonian freshwater turtles 
have historically been used since the eigh-
teenth century as a food resource and to 
produce oil for cooking and lighting (Casal 
et al. 2013), leading to a severe decline in 
their populations (Johns 1987; Smith 1979). 
Therefore, the disproportionate percentage 
of citations of chelonians as consumed 
(only 4.3%), in comparison to the percent-
age citations of preference (23.1%), in this 
study may also reflect depletion in chelo-
nian populations in the Jutaí River basin.
The relationship between price and 
taxa body mass was very similar to that 
found by El Bizri et al. (2020) for species 
sold in urban markets, reflecting that, when 
pricing species, hunters take into account 
a balance between prey profitability and 
yield (Rowcliffe et al. 2004). Smaller 
species are generally more abundant and 
easier to capture but are sold at a higher 
price per kilo because they yield less 
meat. Conversely, large-bodied species, 
such as the manatee (Trichechus inunguis), 
although more profitable in terms of meat 
obtained, are less abundant and difficult to 
capture, explaining the U-shaped curve in 
this relationship. Wild meat was less expen-
sive when sold within rural communities 
than in urban centers. The same difference 
in prices between urban and rural sectors 
was observed by Morcatty and Valsec-
chi (2015) for the trade in yellow-footed 
Downloaded From: https://bioone.org/journals/Journal-of-Ethnobiology on 28 Jul 2020
Terms of Use: https://bioone.org/terms-of-use	Access provided by Oxford University
 Correlates of Wild Meat Consumption and Trade on the Jutaí River 197
Journal of Ethnobiology 2020 40(2): 183–201
prohibition on wildlife commerce in the 
Amazon has been driving the establish-
ment of hidden markets that hampers 
control. In urban areas, the replacement 
of the wild meat with domestic meat at a 
more affordable price is usually recom-
mended (Rushton et al. 2005), but this 
strategy has been shown to be ineffec-
tive. For instance, a previous experiment 
conducted in an Amazonian city showed 
that access to discount coupons to buy 
chicken had not dissuaded people from 
consuming wild meat (Chaves et al. 2017). 
Instead, social marketing with information 
campaigns and community engagement on 
activities related to the reduction of wild 
meat consumption were more effective 
strategies (Chaves et al. 2017). We argue 
that this could be applied in the city of Jutaí 
and other Amazonian cities to reduce the 
demand for wild meat. 
Experiences of wildlife management 
prove that community-based efforts, if 
appropriately implemented, provide an 
effective way to manage natural resources, 
especially where law enforcement is inef-
fective (Tavares de Freitas et al. 2019). Our 
results showed that households with three 
or more hunters were guaranteed to sell 
wild meat, so trade is an important source 
of income for those families. Therefore, 
regulating wild meat trade and bringing it 
into the formal economy instead of banning 
it could improve rural livelihoods, while 
maintaining the cultural importance of 
hunting for local people. A major example 
of this is the community-based manage-
ment of the giant arapaima fish (Arapaima 
gigas) in the Amazon, which allowed the 
sustainable commercial exploitation of the 
species along with the recovery of its previ-
ously overharvested populations (Tavares de 
Freitas et al. 2019). Our results showed that 
most of the species consumed and traded 
by local people in the Jutaí River basin are 
not listed as threatened with extinction on 
the IUCN Red List. Therefore, this system 
could be applied for hunted game species 
that are more resilient, which are also 
their food security but erode the traditional 
knowledge and practices related to these 
animals (Tavares de Freitas et al. 2019). 
Therefore, considering the high level of 
isolation and dependence on wild meat of 
communities living in the Jutaí River basin, 
strategies for sustainably managing wildlife 
for consumption seems to be a better option 
than substituting wild meat for domestic 
meat. The largest-scale wildlife conserva-
tion program in the Brazilian Amazon is 
currently focused on river turtles, and for 
30 years, this community-based program 
has been protecting river turtles’ nesting 
beaches, guaranteeing an increase in the 
recruitment rate and subsequent popu-
lation growth for the most historically 
depleted species, without banning egg 
consumption by local people (Eisemberg et 
al. 2019). Since 2007, Jutaí River Extractive 
Reserve is part of this program, supported 
by the governmental environmental agency, 
where the inhabitants released more than 
10,000 freshwater turtle hatchlings in 2010 
alone, helping to recover these species 
while guaranteeing the sustenance of local 
people (ICMBio 2011).
In terms of wild meat trade, a long 
history of extractive production to the 
market, under a debt-peonage system called 
aviamento, shaped the patterns of natural 
resource management and commerce in 
the Amazon (Almeida 2002; Lima 2009). 
After the decline of the Amazon rubber 
production, the domestic and international 
trade in animal hides replaced it (Antunes et 
al. 2016). However, during the 1960s, with 
the advent of the Convention on Interna-
tional Trade in Endangered Species of Wild 
Fauna and Flora (CITES), trade has been 
more tightly regulated. More recently, the 
boom and growth of urban agglomerations 
and intensive migration from rural areas to 
urban centers increased the demand for 
wildlife products in Amazonian cities.
There is a consensus that commer-
cial hunting for trade is more impactful 
to animal populations than subsistence 
hunting (Coad et al. 2019), but the current 
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Jéssica E. S. Ribeiro,2 Carlos F. A. Vasconcelos Neto,2 Jéssica S. Oliveira,2 Keilla M. Furtado,2
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Abstract: The switch from hunting wild meat for home consumption to supplying more lucrative city markets
in Amazonia can adversely affect some game species. Despite this, information on the amounts of wild meat
eaten in Amazonian cities is still limited. We estimated wild meat consumption rates in 5 cities in the State of
Amazonas in Brazil through 1046 door-to-door household interviews conducted from 2004 to 2012. With these
data, we modeled the relationship between wild meat use and a selection of socioeconomic indices. We then
scaled up our model to determine the amounts of wild meat likely to be consumed annually in the 62 urban
centers in central Amazonia. A total of 80.3% of all interviewees reported consuming wild meat during an average
of 29.3 (CI 11.6) days per year. Most wild meat was reported as bought in local markets (80.1%) or hunted by a
family member (14.9%). Twenty-one taxa were cited as consumed, mostly mammals (71.6%), followed by reptiles
(23.2%) and then birds (5.2%). The declared frequency of wild meat consumption was positively correlated with
the proportion of rural population as well as with the per capita gross domestic product of the municipality
(administrative divisions) where the cities were seated. We estimated that as much as 10,691 t of wild meat might
be consumed annually in the 62 urban centers within central Amazonia, the equivalent of 6.49 kg per person per
year. In monetary terms, this amounts to US$21.72 per person per year or US$35.1 million overall, the latter figure
is comparable to fish and timber production in the region. Given this magnitude of wild meat trade in central
Amazonia, it is fundamental to integrate this activity into the formal economy and actively develop policies that
allow the trade of more resilient taxa and restrict trade in species sensitive to hunting.
Keywords: Amazon, bushmeat, food security, tropical forests, wildlife trade
Mercado y Consumo Urbano de Carne Silvestre en la Amazonia Central
Resumen: El cambio de la caza de animales silvestres para consumo del hogar a caza para surtir mercados
urbanos más lucrativos en la Amazonia puede afectar negativamente a algunas especies de caza. A pesar de esto, la
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información sobre la cantidad de carne silvestre que se consume en las ciudades de la Amazonia todav́ıa es limitada.
Estimamos las tasas de consumo de carne silvestre en cinco ciudades del Estado de Amazonas, Brasil, por medio de
1046 entrevistas presenciales a hogares realizadas entre 2004 y 2012. Con estos datos modelamos la relación entre
el uso de la carne silvestre y una selección de ı́ndices socioeconómicos. Después aumentamos nuestro modelo
para determinar la cantidad de carne silvestre que tal vez se consume anualmente en los 62 centros urbanos de la
Amazonia central. Un total de 80.3% de todos los entrevistados reportaron el consumo de carne silvestre durante
un promedio de 29.3 (CI 11.6) d́ıas por año. La mayoŕıa de la carne silvestre fue reportada como comprada en
mercados locales (80.1%) o cazada por algún integrante de la familia (14.9%). Se citaron 21 taxones como parte del
consumo, principalmente mamı́feros (71.6%), seguidos por reptiles (23.2%) y aves (5.2%). La frecuencia declarada
de consumo de carne silvestre estuvo correlacionada positivamente con la proporción de población rural, aśı
como con el producto doméstico bruto per cápita de la municipalidad (divisiones administrativas) en donde se
encuentran las ciudades. Estimamos que un máximo de 10,691 toneladas de carne silvestre podŕıan ser consumidas
anualmente en los 62 centros urbanos de la Amazonia central, el equivalente a 6.49 kg/persona/año. En términos
monetarios, esto equivale a US$21.72/persona/año o US$35.1 millones en general. Esta última cifra es comparable
con la producción de madera y de peces en la región. Dada esta magnitud del mercado de carne silvestre en la
Amazonia central, es fundamental la integración de esta actividad en la economı́a formal y el desarrollo activo
de poĺıticas que permitan el mercado de taxones más resilientes y que restrinjan el mercado para las especies
sensibles a la caza.
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Wild meat contributes to the diet of millions of people
worldwide, making up 20–70% of all protein intake, par-
ticularly in isolated tropical forest regions, where domes-
tic meat is scarce (Fa et al. 2015). Increased urbanization
within the tropics has resulted in a greater demand for
wild meat from cities and large towns; these population
centers are supplied from the rural areas where wildlife
occur. Thus, many rural peoples have shifted from be-
ing strictly traditional subsistence hunters to selling wild
meat in cities (e.g., Dounias 2016). Although the sale
of wild meat provides an important income source for
many, uncontrolled trade to large urban markets is a
conservation problem in many tropical countries (Nasi
et al. 2011).
Until recently, the only published references to urban
wild meat consumption in the Amazon were from studies
in 1 city, Iquitos, Peru (Bodmer & Lozano 2001). Based
on this, urban wild meat consumption in Amazonia was
regarded for some time as negligible (Rushton et al. 2005;
Nasi et al. 2011). However, recent studies suggest there
are significant city markets in the region where a large
number of wild animals are sold for human consumption.
For example, well-established wild meat markets exist in
Abaetuba, Brazilian Amazon (Báıa-Júnior et al. 2010), and
in 2 prefrontier cities in southern Brazilian Amazonia,
where around 80% of interviewed households regularly
consumed wild meat (Parry et al. 2014). About 473 t of
wild meat were estimated as traded annually in cities in
the Amazonian trifrontier (Brazil, Colombia, and Peru)
(van Vliet et al. 2014).
Because most of these studies are descriptive, re-
stricted to relatively short sampling periods, and on a
local scale, there is still a need to determine the levels of
wild meat use and the volumes traded in Amazonian cities
in much larger areas. Although factors affecting wild meat
consumption and trade in African cities are relatively well
known (Fa et al. 2009), these are still largely undescribed
for Amazonia. A few studies have been conducted on how
the economic and cultural background of consumers in
Amazonian cities can affect how much wild meat is eaten
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(Morsello et al. 2015; Chaves et al. 2017); however, stud-
ies that can predict the volume of wild meat consumed
in urban centers at a regional level are still absent.
We estimated wild meat consumption rates in 5 cities
in the State of Amazonas in Brazil. From these data, we de-
veloped statistical models to determine the relationship
between wild meat use and a number of socioeconomic
indices obtained from government sources and scaled up
our model to estimate the amounts of wild meat likely to
be consumed annually in urban centers throughout cen-
tral Amazonia, an area representing about one-third of the
entire Amazon biome. We also calculated the monetary
value of the wild meat trade in this region. The results of
our study can be useful to understand the extent of urban
demand for wild meat in the Amazon as a whole and
generate insights that may inform conservation efforts
and policies to ensure the sustainable use of wildlife.
Methods
Study Sites
This study was conducted in Amazonas state, the largest
state by area in Brazil (1,571,000 km²). The state is almost
entirely covered by moist broadleaf forest and encom-
passes about 29% of the Amazon Basin.
Brazilian states are divided into administrative munic-
ipalities that contain natural areas and urban and rural
human settlements. Each municipality has a city that is
the seat of the area’s administration; these seat cities are
not specified in law according to a minimum population
size, area, or facilities. Amazonas state contains 62 mu-
nicipalities with around 3.4 million inhabitants, of which
around 2.7 million (79.4%) live in cities (IBGE 2018).
Because most cities in the state are far apart, accessible
after long hours of travel by boat or plane, we chose
those closest to our main research base in Tefé. Among
these more accessible cities, we selected those within
municipalities that would be representative of the range
of socioeconomic variables we wanted to consider: rural
and urban human population, human development index
(HDI), and gross domestic product (GDP) (Supporting In-
formation). We sampled households in the seat cities of
5 municipalities: Alvarães (14,080 inhabitants) and Tefé
(61,399 inhabitants), at the confluence of the Tefé and
Solimões Rivers; Coari (75,909 inhabitants), between the
Urucu and Solimões Rivers; Maraã (17,364 inhabitants)
on the lower Japurá River; and Fonte Boa (22,659 inhabi-
tants) on the Solimões River (Table 1 & Supporting Infor-
mation). The economy of these municipalities is based
around small-scale industries and farming (IBGE 2018).
Data Collection
Data on wild meat consumption and trade were obtained
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May 2012 (Table 1). Depending on the time available for
research in each city, we randomly selected at least 50%
of neighborhoods within which we had a minimum of 2
interviews per neighborhood (Table 1). We asked heads
of households (women and men) the following questions:
is wild meat consumed in the house (yes or no response),
how often is wild meat consumed (number of days per
week, month, or year), which species are eaten, how is
the consumed wild meat obtained (hunting, buying, or
as a gift), if purchased, where is it purchased, and what
price is paid for each species and what is the selling
unit (e.g., kilograms and entire animal or half the animal
specimen).
Although urban consumption and trade of wildlife is
forbidden by law in Brazil (Law 5.197/1967) (Antunes
et al. 2019), local wildlife management authorities
tend to persecute hunters and traders, not consumers.
Therefore, consumers do not perceive they are acting
illegally and do not fear persecution. Given this, we
did not use indirect questioning methods; rather, we
applied direct questioning, as used in previous studies
of wild meat consumption in the region (e.g., Parry
et al. 2014; van Vliet et al. 2015; Chaves et al. 2017).
Participants were made comfortable with our interview
process by informing them of the study aims prior to
the interview. Respondents were free to participate in
the study and were informed that we would not disclose
their identity. Of a total 1085 visited households, 96.4%
(1046 households) agreed to be interviewed, an
indication that most people felt comfortable participating
(Table 1). We followed the Guidelines for Applying Free,
Prior and Informed Consent in Buppert and McKeehan
(2013).
Data Analyses
The overall amount of wild meat consumed (B) in each
city was estimated using the following formula:
B = Fc × Pc × Dc, (1)
where Fc is the mean frequency of consumption reported
by the interviewees expressed as the number of days
wild meat was consumed per person per year and Pc is
the total potential consumers in the city based on the
percentage of informants declaring that they consumed
wild meat in our survey multiplied by the number of
urban inhabitants. Because actual daily amounts of wild
meat consumed by Amazonian urban dwellers are not
currently available, we used 0.18 kg per person per day
(CI 0.07) (obtained from a study of 13 indigenous com-
munities [Ojasti 1996]) as an average amount of wild meat
consumed per person per day (Dc).
For each city, we estimated the amount of meat con-
sumed of each taxon from the percentage of times the
taxon was mentioned (hereafter referred to as citations)
and the overall amount of wild meat consumed (B). We
estimated the number of individuals consumed per taxon
per year by dividing the estimated biomass consumed of
each taxon by the body mass of eviscerated specimens of
the species (Garćıa et al. 2004).
All taxa were classified according to the International
Union for Conservation of Nature (IUCN) Red List threat
categories (vulnerable, endangered, and critically endan-
gered) (IUCN 2019). If the local names provided by in-
formants did not allow an unequivocal classification to
species, we used genus or family.
We calculated the average selling price for each taxon
by adjusting for the inflation rate for the different years
during which each city was sampled based on the General
Price Index for Brazil estimated by the Getúlio Vargas
Foundation. We used the exchange rate for 1 June 2018
to convert Brazilian reais (R$) into U.S. dollars (R$3.85 =
US$1.00). Hereafter all monetary units are U.S. dollars.
We built generalized additive models for location,
scale, and shape (GAMLSS) to assess drivers of the 3
response variables: frequency of consumption (reported
number of days of wild meat consumption per year), taxa
citations, and price per kilogram. As predictor variables,
we used socioeconomic indices compiled by the Brazil-
ian Government for each municipality (IBGE 2018): total
population (number of inhabitants), percent rural popu-
lation (rural population/total population), HDI, and the
per capita GDP in dollars per individual. Data from 2010
were used as reference for the first 3 variables because
no information was available for the specific years when
our interview data were collected. Per capita GDP values
were available for each sampling year. We considered the
gross body mass (noneviscerated weight in kilograms)
and habitat type (terrestrial, arboreal, and aquatic) for
each taxon as biological drivers for the models in relation
to the taxa citations and price per kilogram. We also
included taxa as a random factor due to differences in
the number of citations among cities and the price per
kilogram as a predictor variable for the taxa citations.
Gross body mass of all mentioned species was obtained
from Garćıa et al. (2004) and Robinson and Redford
(1986). To avoid overestimating the number of people
consuming wild meat due to low sample sizes in some
cities, we calculated the potential number of consumers
(Pc) by using the same variables of the municipalities
as predictors in multiple logistic regressions (Supporting
Information).
To build the models, we tested combinations of
predictor variables in linear and nonlinear forms
with different distribution families. We checked for
collinearity among variables. Because the percentage
of rural population was negatively correlated with the
total population (r2 = 0.99) and HDI (r2 = 0.94), these
variables were never included in the same models and
were tested separately. Final models were selected based
on the Akaike information criteria (AIC); all models
with good support were those with AIC values <2
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in relation to the model with the smallest AIC. In cases
when >1 model was a best fit, we selected the model
with the smaller number of parameters.
Based on our best-fit models and variables, we used
the function gamlss.predict to predict the current
frequency of wild meat consumption, the amount of
consumed wild meat (corrected by the percentage of
consumers among urban dwellers), and the monetary
value generated by wild meat for the entire central
Amazonia region by calculating these parameters for all
62 cities in the Amazonas state with the most updated
values for the predictor variables available from the
government statistics (Supporting Information). We
used R version 3.3.3 (http://www.R-project.org/) and
the gamlss R-package for generalized linear and additive
mixed models and predictions and GGally R-package
for the collinearity test. For the variables effects, we
assumed significance when p < 0.05.
Results
Sampled municipalities were representative of the 62 mu-
nicipalities in the state of Amazonas. Average per capita
GDP ($2835.34 [SD 2540.01]) and average percentage of
the rural population (36.06% [SD 11.88]) in our 5 sam-
pled municipalities were not statistically different from
the averages for the remaining 57 municipalities (average
GDP $2463.56 [SD 1396.36], t = 0.53, df = 60, p = 0.65;
rural population $44.95 [SD 14.30], t = 1.45, df = 60,
p = 0.15) (Supporting Information).
Consumption and Procurement of Wild Meat
All interviewees in Maraã (20/20) and Fonte Boa (22/22),
90.8% (139/153) in Alvarães, 85.0% in Coari (51/60), and
76.9% (608/791) in Tefé declared consuming wild meat;
overall average was 80.3% (Table 2). Respondents de-
clared consuming wild meat during 29.3 (CI 11.6) days
per year (Table 2). An average of 80.1% of interviewees
reported buying wild meat, and 14.9% of consumers re-
ported hunting wildlife (Table 3). The estimated mean
annual wild meat biomass consumed per capita was 4.60
kg per person per year (SD 1.87), a total of 500,497.56
kg (CI 203, 254.42).
Taxa Consumed
Twenty-one taxa were mentioned as eaten by re-
spondents. As many as 40% (6 of 15) of the taxa
identified to species are threatened with extinction
(Supporting Information). Among the 2067 citations,
mammals were the predominant group (n = 1480,
71.6%), followed by reptiles (n = 479, 23.2%) and
birds (n = 108, 5.2%). In terms of biomass, white-
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Table 3. Declared means by which urban consumers obtained wild meat in 5 cities in central Amazonia.
City No. buying (%) No. hunting (%) No. buying or hunting (%) No. receiving gifts (%) Total
Alvarães 100 (75.8) 18 (13.6) 14 (10.6) 0 (0.0) 132
Coari 42 (82.4) 4 (7.8) 3 (5.9) 2 (3.9) 51
Fonte Boa 16 (80.0) 4 (20.0) 0 (0.0) 0 (0.0) 20
Maraã 19 (86.4) 2 (9.1) 1 (4.5) 0 (0.0) 22
Tefé 463 (75.9) 146 (23.9) 0 (0.0) 1 (0.2) 610
Total (average %) 640 (80.1) 174 (14.9) 18 (4.2) 3 (0.8) 835
Figure 1. Average
percentage of citations
(bars) and overall wild
meat biomass estimated as
consumed (line) per taxon




tapir (Tapirus terrestris) (78,548.01 kg), lowland paca
(Cuniculus paca) (71,348.85 kg), and yellow-spotted
river turtle (Podocnemis unifilis) (57,467.75 kg) were
the most representative, making up together 67%
of the total (Fig. 1). A total of 95,772 (CI 38,893)
animals were estimated as consumed annually; 4
species, Podocnemis sextuberculata, Podocnemis
unifilis, agouti (Dasyprocta fuliginosa), and C. paca,
represented 76.7% of this total (Supporting Information).
Traded Biomass
Of the total biomass estimated as consumed, 403,311 kg
(80.6%) were estimated as purchased in urban markets.
People declared they usually bought wild meat in only
1 place (n = 605, 94.4%), although some informants de-
clared buying in 2 (n = 27, 4.2%) or 3 different places
(n = 9, 1.4%). Informants reported that wild meat is
mainly obtained at local fairs (n = 313, 46.1%), followed
by hawkers (n = 208, 30.2%), private residences (n = 69,
9.2%), directly in rural communities (n = 63, 9.3%), and
from riverboats (n = 33, 5.2%).
Information on prices was reported by informants for
17 taxa: mean price was $3.82/kg (SD 1.60). The sale of
these taxa was estimated to generate $1,522,412/year
(CI 240,919). The commercialization of 4 taxa alone,
2 chelonians (P. unifilis and P. sextuberculata) and 2
mammals (T. pecari and T. terrestris), was responsible for
71.8% of this amount. Curassows (mean price $8.39/kg)
and the 3 freshwater turtles (mean prices $7.67/kg for
P. unifilis, $6.49/kg for P. sextuberculata, and $6.01/kg
for Podocnemis expansa) were the most expensive taxa
(Supporting Information).
Drivers of and Overall Wild Meat Consumption in Central
Amazonia
The reported frequency of wild meat consumption per
person increased significantly relative to the percent rural
population in the municipality (2.504 × 10–2 [SE 5.597
× 10–3], t = 4.4, p < 0.001) (Fig. 2a) and as per capita
GDP increased (1.393 × 10–4 [1.573 × 10–8], t = 8855.1,
p < 0.001) (Fig. 2b). The gross body mass positively in-
fluenced the taxa citations (0.077 [SE 0.007], t = 10.0,
p < 0.001) (Fig. 2c). Prices per kilogram presented a
nonlinear relationship with the taxa’s gross body mass
(–0.001 [SE 0.0001], t = −10.7, p < 0.001) (Fig. 2d)
and increased as the percentage of rural population in
the municipality increased (0.005 [0.0005], t = 8.7, p <
0.001) (Fig. 2e).
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Figure 2. Relationships between (a) percentage of rural population and (b) per capita gross domestic product of
the municipalities with the declared frequency of consumption of wild meat: between (c) gross body mass with the
percentage of citations of each taxon and between (d) gross body mass and (e) percentage of rural population of
the municipalities with the price of each taxon in 5 cities of central Amazonia. Only taxa cited in at least 3 cities
were considered for the model (c) gray shading, 95% CI; y-axis values are partial residuals for each variable
retained in the models). Model details, such as families of distribution, link functions, and p values, are in
Supporting Information.
Using the models obtained from these relationships,
we estimated that 10,691,103 kg (CI 4,342,101) of wild
meat was consumed annually in the 62 cities (2,755,756
urban inhabitants) within central Amazonia (Supporting
Information). This translates to a mean annual per
capita consumption of 6.49 kg per person per year and
amounts to a total monetary value of $35,112,904/year
(CI 14,260,811) (average of $21.72 per person per year)
(Supporting Information). The cities with the largest
estimated amounts of wild meat consumed per year
were along the western part of the state, and few were
located in the central part of the Amazon River basin.
The cities with a greater estimated per capita wild
meat consumption were located along the northwestern
portion of the state (Fig. 3).
Discussion
A very large proportion of interviewees in our study re-
ported eating wild meat, corresponding to 1 day of wild
meat eaten for every 12.46 days consuming domestic
meat in a year. These results correspond with Parry et al.’s
(2014) study in the southern Brazilian Amazon, which
shows that as many as 80% of the inhabitants consumed
wild meat at least once per year.
Data on daily wild meat consumption in Amazonian
urban centers are largely unavailable. The average per
capita wild meat consumption we used to estimate over-
all consumption volumes is necessarily a working value
only, but it is heuristically useful for estimating the
amount of meat consumed in wild meat–based meals
and for extrapolating to the entire study region. There
is no doubt that more precise information on amounts
consumed per individual or household in urban centers
is required, and we suggest this should be a priority for
future work.
We acknowledge that some respondents could have
underreported how much wild meat they consumed. Be-
cause we did not apply indirect questioning techniques to
determine the level of underreporting, our consumption
estimates must be treated as a minimum. We also believe
underreporting rates were probably similar among cities
because sampled cities are culturally similar and under
the same enforcement regimes.
Data collection for the different cities was spread
out over 7 years, and data for some socioeconomic
indices were not available for the same years of data
collection. This may have affected our results because
consumption rates and socioeconomic indices may have
varied over time. In addition, the most recent values
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Figure 3. Two maps
portraying the predicted per
capita wild meat
consumption (top) and
annual amount of wild
meat consumption





(24), Coari (29), Fonte Boa
(19), Maraã (21), and Tefé
(26). Names and details of
the other municipalities are
available in Supporting
Information.
of socioeconomic statistics were not obtained at the
same time by the government (last available GDP values
are from 2016, whereas last census of population was
conducted in 2010). However, temporal changes in the 2
variables (rural population and per capita GDP) we used
varied differently. The GDP changed substantially over
the short term (i.e., some studied municipalities’ GDPs
more than doubled from 2010 to 2016), whereas the
proportion of rural population changed by only –1.0% on
average from 2000 to 2010 (IBGE 2001). Despite these
shortcomings, our estimation of 3.49 kg per person per
year for Tabatinga, a city in the Brazil–Colombia–Peru
frontier, was very similar to the 3.40 kg per person per
year derived from direct observations at for the same
site (van Vliet et al. 2015). In addition, our predicted per
capita frequency of wild meat consumption for Tapauá
(39.1 days/year) was also comparable to estimates of
Chaves et al. (2017) (38.4 days/year) in the same city.
We argue that, despite the limitation posed by the lack of
some governmental statistics, these observations support
the robustness of our model (Supporting Information).
Our results clearly showed that urban wild meat mar-
kets are well established in Amazonas state. In all sur-
veyed cities, most interviewed urban dwellers reported
buying wild meat, and most of them declared purchasing
meat from the same salesmen, vendors in local fairs, and
hawkers, an indication of constancy in supply. Parry et al.
(2014) show that the poorest urban households hunt to
obtain wild meat, whereas wealthier residents buy wild
meat. This is because hunting is the cheaper option for
poorer people in cities, but also because the lack of for-
mal employment, which is more common among this
group, allows them to spend more time in this activity.
Although we have not systematically collected data on
this, some informants who declared hunting wild meat
for consumption in our study informally declared selling
part of their quarry. In the Amazonian cities of Benjamin
Constant and Atalaia do Norte in Brazil, urban hunters
profit from the sale of up to 97% of their game to closed
markets (van Vliet et al. 2015). However, the low number
of urban people declaring hunting wild meat shows that
rural hunters supply city markets. Hunters from rural
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areas in Amazonia are mainly subsistence hunters, but
may sell part of their hunting yields, likely to obtain
money to buy urban goods, such as clothes and foods
(Antunes et al. 2019). For instance, in the Peruvian Ama-
zon, Bodmer and Lozano (2001) found that rural hunters
sell around 7% of mammals hunted, whereas Morcatty
and Valsecchi (2015) found that around 21% of yellow-
footed tortoises (Chelonoidis denticulatus) harvested by
rural hunters in Amazonia were traded in urban wild meat
markets.
The main groups (mammals and chelonians) and
species cited as consumed and traded in our study cities
were similar to those traded in other Amazonian localities
(Bodmer & Lozano 2001; van Vliet et al. 2014). These
species are commonly hunted for subsistence and trade
by rural populations throughout Amazonia (e.g., Peres
2000; Lopes et al. 2012) and in other Neotropical re-
gions (El Bizri et al. 2015). In particular, tapir and white-
lipped peccary were among the top 3 species cited in our
surveys. Both species are listed as vulnerable, following
IUCN Red List criteria, and hunting is one of the main
threats. Both species are declining in central Amazonia
(Parry & Peres 2015). Other highly cited species, such as
lowland paca, are also affected by hunting in Amazonia
(e.g., Valsecchi et al. 2014; El Bizri et al. 2018), but are
listed as least concern by IUCN.
In central Amazonia, governmental statistics for each
municipality are useful to predict wild meat consump-
tion at large scales. We found that the proportion of rural
inhabitants within a municipality was correlated with the
proportion of inhabitants that declared consuming wild
meat in cities, the reported frequency of consumption,
and the prices per kilogram in the market. This pattern
may be a result of the economic connectivity between
urban and rural sectors in these municipalities. Thus,
in municipalities where the rural population is larger,
urban people are able to buy wild meat more frequently
from rural people who hunt. Because these small cities
are often isolated and only accessible by boat, domestic
and processed products become more expensive due to
higher transportation costs. As a consequence, wild meat
prices are higher in small cities, where rural inhabitants
outnumber urban ones, because trading in wild meat is
one of the most prevalent and cost-effective activities in
localities where the sales of agricultural commodities do
not have a large local market and are uncompetitive due
to the high costs and long transportation times (Wilkie
et al. 2016). Moreover, we argue that the price of the
wild meat may also be anchored to the price of domestic
meat or other important products for local inhabitants,
such as oil.
The relationship between price and species’ body mass
reflects the fact that smaller species, although more abun-
dant and easier to capture, are sold at a higher price
because they yield less meat. Conversely, large-bodied
species, although more profitable in terms of meat ob-
tained, are less abundant and therefore more difficult to
capture. This explains the U-shaped curve in this rela-
tionship and shows that hunters meeting urban demand
do not kill prey randomly, but consider prey profitability
when choosing which prey to kill and how to price it
(Rowcliffe et al. 2004). Our results also indicated that
larger species are generally more consumed than smaller
species, and this relationship may be caused partially by
price differences. However, considering that fewer game
taxa were cited as consumed than in rural areas in Ama-
zonia (e.g., 30 species [Vieira et al. 2015], 27 species
[Kirkland et al. 2018]), the range of species reaching
urban markets may be limited by consumer taste and
taboos.
Studies reporting the contribution of wild meat to local
economies indicate a large informal sector, often as large
as formal sectors, such as timber harvesting or agriculture
(Lescuyer & Nasi 2016). Because wild meat trade in Brazil
is prohibited, the harvest and selling of this product is ex-
cluded from official statistics. Nevertheless, the wild meat
market was predicted to generate a great deal of money in
central Amazonia ($35.1 million). Compared with other
products, it is three times lower than mineral ($102.9
million) production and similar to fish ($40.1 million) and
timber production ($39.9 million) in the Amazonas state
(SEPLANCTI/DEPI 2018; ANM 2019). However, consid-
ering that a large proportion of these economic activities,
including the wild meat trade, is carried out illegally,
these numbers must be considered an underestimate.
Most municipalities in the Amazonas state have >40% of
their populations living on less than half minimum wage
(IBGE 2018); thus, wild meat represents an important
product for the income of several rural and urban families
in the region. Hunters are not the only ones who generate
income from wild meat; rather, several different actors
involved in the commodity chain generate income for
themselves (Cowlishaw et al. 2005). In Peru commercial
hunters can supply wild meat directly to wholesalers,
restaurants, or market traders, who in turn supply meat
to the customers; price of the meat increases at each step
(Fang et al. 2008). The same has been observed for the
trade of tortoise meat in 4 cities in Amazonia, where inter-
mediaries between hunters and urban vendors benefit sig-
nificantly and obtain high profits (Morcatty & Valsecchi
2015). This highlights the necessity of finding solutions
to regulate this sector in Amazonia and to reduce the im-
pacts of wild meat trade in urban centers on Amazonian
wildlife.
Our maps provide the first large-scale estimation of the
amount of urban wild meat consumption for the Ama-
zon, from which one may determine hotspots of wildlife
extraction and where implementation of conservation
strategies is more urgent. The high consumption rates of
wild meat predicted for large cities, such as Coari and the
capital Manaus, where there is an offer of domestic meat,
signal that wild meat consumption is not strictly related to
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dietary necessity or poverty, but possibly a maintenance
of the rural heritage and the thrill of local dwellers for
diversifying their diet (Wilkie et al. 2016). Many cities
in the western Amazon, which are more accessible due
to their location downstream on Amazon River, were
predicted to have both per capita and total wild meat
consumption at relevant levels, likely because of the com-
bination of high GDP and surrounding rural populations.
Therefore, the replacement of the wild meat by domestic
meat at a more accessible price, which is a very common
suggested strategy to reduce wild meat demand in cities
(Rushton et al. 2005), may not be sufficient to solve the
problem. In addition, law enforcement and surveillance
actions face several barriers in the Amazon, especially
due to the large extent of the territory and difficult ac-
cess. Accordingly, the current prohibition on wildlife
commerce in most areas of the Amazon has been driv-
ing a hidden market that hampers control. Furthermore,
captive breeding of wild species, although suggested as
an alternative to keep wild meat consumption at sustain-
able levels (Nogueira & Nogueira-Filho 2011), may not
produce enough individuals to supply the demand at an
affordable price (Wilkie et al. 2016).
Given the magnitude of the trade of wild meat we
found, we suggest the regulation of this unconstrained
activity is a fundamental and urgent matter to resolve.
Plans that support the sustainable management of wild
meat in the surrounding forests should bring regulated
wild meat trade into the formal economy and promote
the improvement of rural livelihoods. Wildlife trade
regulations could include policies designed to allow the
trade of more resilient species and to protect or restrict
the trade of those more sensitive to hunting. Some of
these more resilient species are already among the most
consumed taxa in the region, so acceptance of this pol-
icy is most likely. This strategy would generate income
for those involved in the market chain and adequately
control harvests of wildlife species while guaranteeing
conservation of threatened species.
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Antunes AP, et al. 2019. A conspiracy of silence: subsistence hunting
rights in the Brazilian Amazon. Land Use Policy 84:1–11.
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The resilience of a given species to hunting is conditioned by the effect of potential threats upon the more 
sensitive periods in its life history, such as when animals are breeding. We investigated the environmental drivers 
of breeding seasonality in the lowland paca (Cuniculus paca), and the potential impact of hunting on the species. 
As part of a participative study with hunters in 2 Amazonian sites, we obtained reproductive organs of pacas 
as well as information on the hunters’ daily wild meat extraction. Using data on rainfall, river water level, and 
fruiting phenology from the 2 study sites, we applied generalized additive models for location, scale, and shape 
(GAMLSS) to examine the effect of climatic and environmental factors on paca reproduction. Forest fruiting was 
directly linked to higher pregnancy rates in pacas, and when lactation and weaning of offspring mostly occurred. 
Hunting was highly seasonal in all studied years and positively correlated with higher levels of river water. 
The coincidence between hunting patterns and paca reproductive cycles during the wet season resulted in more 
pregnant females being harvested. In addition to the known slow reproductive rate of pacas, the disproportionate 
offtake of pregnant females may affect the long-term sustainability of hunting of this species. Reducing hunting 
during the flooded season may not be feasible because the lowland paca provides most of the wild meat consumed 
by thousands of rural Amazonians during this period. However, options to offset the negative effects of killing of 
pregnant females could include the zoning of hunting areas or encouraging hunters to target primarily males. Our 
results indicate that strategies for the sustainable harvest of pacas and other heavily hunted Amazonian mammals 
should consider the interaction between the species’ reproductive cycles and hunting by local people in order to 
enhance conservation and management efforts.
A resiliência de uma espécie à caça é condicionada pela sua capacidade reprodutiva intrínseca e pelo efeito de 
potenciais ameaças durante os períodos mais sensíveis de sua história de vida, como o período reprodutivo. 
Neste trabalho, nós investigamos os fatores ambientais que determinam a sazonalidade reprodutiva da paca 
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(Cuniculus paca) e o potencial impacto da caça sobre a espécie. Em um estudo participativo de 15 anos em duas 
áreas da Amazônia, obtivemos órgãos reprodutivos de pacas doados voluntariamente por caçadores, bem como 
informações sobre seus padrões diários de caça. Usando informações sobre precipitação, nível d’água dos rios e 
fenologia de frutificação, nós aplicamos modelos aditivos generalizados (GAMLSS) para examinar o efeito de 
fatores climáticos e ambientais na reprodução da paca. A precipitação esteve positivamente ligada a uma maior 
frutificação, que por sua vez foi correlacionada com maiores taxas de prenhes da paca e com os períodos de 
lactação e desmame da prole. A caça de paca foi altamente cíclica ao longo dos anos e positivamente associada 
aos níveis d’água mais elevados. A convergência entre os padrões de caça e os ciclos reprodutivos de paca resulta 
na extração de um grande número de fêmeas grávidas. Juntamente com a lenta taxa de reprodução da espécie, 
a captura desproporcional de fêmeas grávidas pode afetar a sustentabilidade do uso da paca. Reduzir a caça 
durante os períodos de inundação pode não ser viável, pois a paca é a espécie responsável por fornecer grande 
parte da carne silvestre consumida por milhares de moradores rurais da Amazônia neste período. No entanto, 
ações para compensar os efeitos negativos da extração de pacas grávidas poderiam incluir o zoneamento de 
áreas de caça ou o incentivo aos caçadores em abater preferencialmente machos. Nossos resultados indicam 
que estratégias para a extração sustentável da paca e outras espécies cinegéticas amazônicas devem considerar a 
interação entre a reprodução e a caça pela população local, a fim de melhorar as ações de conservação e manejo 
no bioma.
Key words:  conception dates, forest phenology, game species, hunter participation, management, pregnancy rates, rainfall patterns, 
reproduction, Rodentia, wildlife
In high latitudes, where climatic variability between seasons is 
greatest, most species produce a large number of offspring in 
a short period of time, most of which do not survive (Bronson 
1985). By contrast, in more stable environments with less sea-
sonal variation, such as tropical forest regions, species gen-
erally produce a constant, low number of offspring over the 
year (McNaughton 1975). However, in the Amazon basin, the 
extreme variation in river levels, caused by seasonal meltwater 
in the Andes or rainfall, affects food availability (particularly 
tree fruits) to such an extent that frugivorous mammals may 
exhibit a greater than expected reproductive seasonality for 
this environment (Dubost et al. 2005). Furthermore, seasonal 
patterns in water levels also determine patterns of hunting and 
fishing by humans (Endo et al. 2016).
Animal populations are regulated by factors that impact mor-
tality and recruitment (Caughley 1977). Understanding the pop-
ulation dynamics of exploited species is essential to determine 
sustainable harvest rates for wildlife populations. Harvesting 
individuals can have direct effects on the growth rate of a 
population by increasing mortality rates. There is increasing 
evidence that harvesting can also have indirect effects on popu-
lation growth. For instance, harvest can disrupt the sex and age 
structure of a population, which can in turn affect fecundity rates 
(Milner et al. 2007; Bunnefeld et al. 2009). Furthermore, sex-
skewed harvesting can have potentially deleterious effects on 
long-term fecundity (defined as the number of young born) and 
lead to population collapse, as shown for ungulates (Ginsberg 
and Milner-Gulland 1994; Freeman et al. 2014). In addition, 
overhunting of females in seasonally breeding animals, during 
periods when more females are pregnant, may negatively influ-
ence the population dynamics of the species.
In this paper, we evaluate how hunting may affect the popula-
tion dynamics of the lowland paca (Cuniculus paca). The paca 
is a large, frugivorous caviomorph rodent that occurs through-
out the Neotropics, inhabiting primarily broadleaf forests from 
east-central Mexico to northern Argentina (Collet 1981; Pérez 
1992; Aquino et al. 2009). Studies to date, in primary broadleaf 
forest, suggest that pacas occupy relatively small home ranges 
(Marcus 1984; Beck-King et al. 1999), and are patchily dis-
tributed in mosaic landscapes with scattered resources (Marcus 
1984; Beck-King et al. 1999; Ulloa et al. 1999). Pacas feed 
mostly on fruits and seeds, and occasionally consume leaves 
and flowers (Beck-King et al. 1999; Dubost 2017).
Pacas are of conservation and management interest through-
out their geographic range as a popular game species for people 
(e.g., Read et al. 2010; El Bizri et al. 2015, 2016; Gutiérrez-
Granados 2015; Mayor et al. 2015), an important prey of large 
carnivores, and as seed dispersers (Dubost and Henry 2006; 
Aquino et al. 2009). However, there is concern that current 
levels of hunting may be unsustainable, as observed in several 
Amazonian sites (e.g., Zapata-Ríos et al. 2009; Valsecchi et al. 
2014). Given the importance of the paca as a source of protein 
to human residents of tropical forests, identifying the factors 
that may affect paca numbers remains fundamental.
Here, in 2 sites in Amazonian Peru and Brazil, we first assess 
how environmental factors such as rainfall patterns affect fruit 
availability, and in turn show how this correlates with the repro-
ductive seasonality of pacas. We then assess the impact of har-
vest rates during the different phases of the reproductive cycle 
of pacas using data gathered from a 15-year participatory hunt-
ing study for the 2 study sites.
Materials and Methods
Study sites.—The Yavarí-Mirín River (YMR; 04°19′53″S, 
71°57′33″W) is located in the western Peruvian Amazon, encom-
passing 107,000 ha of continuous upland forests containing a 
single indigenous community of 307 inhabitants (Fig. 1). The 
Amanã Sustainable Development Reserve (ASDR; 01°54′00″S, 
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forests in the central Brazilian Amazon, between the Negro and 
Japurá rivers. Approximately 4,000 riverine people inhabit 23 
communities and some isolated settlements within this reserve 
(Fig. 1). In both study sites, local communities rely on agri-
culture for income and on hunting and fishing for subsistence. 
River water levels at both sites change seasonally, varying up to 
12 m between the dry and flood peaks (Ramalho et al. 2009). 
Climate in both study sites is typically equatorial with annual 
temperatures ranging between 22°C and 36°C, relative humidity 
of 80%, and an annual rainfall of 1,500–3,000 mm.
Water level and rainfall.—For the YMR, we calculated 
monthly average river water level (as meters above sea level—
m a.s.l.) and rainfall (in mm) on the Yavarí River, from data 
provided by a Brazilian National Water Agency hydrologi-
cal station, ca. 50 km from the study site (HidroWeb, Estirão 
do Repouso station, rainfall: 1962–1999, water level: 1980–
2017, http://www.snirh.gov.br/hidroweb/). In the ASDR, we 
used data on average rainfall (mm) for the Tefé municipality, 
ca. 90 km from the study area, from information also pro-
vided by the Brazilian National Water Agency (HidroWeb, 
Tefé station, 2005–2017, http://www.snirh.gov.br/hidroweb/). 
We used data on river water levels from the Mamirauá 
Sustainable Development Institute for the Amanã Lake station 
inside the ASDR (1990–2018, https://mamiraua.org.br/pt-br/
pesquisa-e-monitoramento/monitoramento/fluviometrico/).
Ripe fruit availability.—We determined annual changes in 
ripe fruit availability, the main item in the diets of pacas (Dubost 
et al. 2005), by monitoring tree fruit abundance in 3 transects 
between March 2004 and February 2005. Two transects, started 
at random points, were in upland forests in the YMR, and a third 
transect was located in aguajal, upland swamp forest dominated 
by palms. Two transects were 5 m wide and one in the upland 
forest was 20 m wide (Pitman et al. 2003). We tagged and iden-
tified every tree of a diameter at breast height (DBH) > 10 cm, 
as well as every vine or liana of DBH > 7 cm (Ayres 1986). We 
marked plants until the rate of discovery of new species pla-
teaued (Sutherland 2000), which determined the length and area 
of each transect. Starting mid-month, we observed the canopy of 
each tagged tree or vine once per month with binoculars and a 
small telescope, recording the presence or absence of ripe fruits 
in each sampled individual plant. Because fruits of the moriche 
palm (Mauritia flexuosa) constitute an important part of the diet 
of pacas (Mendieta-Aguilar et al. 2015), we also obtained more 
detailed fruiting data from the 38 individuals found within the 
transects and analyzed it independently.
Paca reproduction and hunting.—We trained local hunters in 
the YMR community and in 5 ASDR communities to remove 
all abdominal and pelvic organs from harvested specimens and 
to store these materials in buffered 4% formaldehyde solu-
tion (Mayor et al. 2017). From 2000 to 2015, local hunters col-
lected and voluntarily donated genitalia from 300 female pacas 
(212 in the YMR and 88 in the ASDR), each labeled with the 
hunting date. Since hunters do not consume these organs, we 
avoided encouraging additional mortality to supply our study. 
In parallel, between 2000 and 2015 in the YMR, and between 
2002 and 2015 in the ASDR, hunters recorded all harvested 
pacas, including sex and hunting date. In each monitored com-
munity in YMR and ASDR, local hunters were provided with 
datasheets in which they voluntarily recorded information on 
their daily hunting events. To ensure data were accurately col-
lected, we conducted regular workshops and meetings (at least 
once per year) with all data providers and members of the par-
ticipating communities. In this study, we only used the data for 
harvested females.
Fig. 1.—Location of the 2 study sites (YMR: Yavarí-Mirín River, ASDR: Amanã Sustainable Development Reserve) in Amazonia and the com-
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Data analysis.—We removed the conceptuses from all preg-
nant females. Using a metal caliper (maximum 300 mm) and a 
tape measure (1.0 mm accuracy), we measured the crown-rump 
length and longitudinal length of each embryo or fetus, from 
rostral edge of nose to distal portion of the tail. Conception 
dates were determined by backdating the date of collection of 
each embryo or fetus from their estimated age, using the age 
formula for paca fetuses in El Bizri et al. (2017). Predicted 
parturition dates were estimated by summing a standard gesta-
tion length of 149 days (Guimarães et al. 2008) to the derived 
conception dates. We then calculated the monthly number and 
percentage of conceptions and parturitions during the study 
period. Hunting data on females collected by local people were 
also used to calculate the monthly percentage of female pacas 
harvested in each site within each monitored year (hereafter 
known as hunting rates). Additionally, we estimated the preg-
nancy period (from conception to parturition dates) for each 
paca, and summed the cumulative number of pregnant pacas 
per month to obtain a monthly percentage of pregnant females 
among all collected samples in a year (hereafter known as 
pregnancy rate). We also estimated the monthly percentage 
of weaned offspring by summing a standard lactation length 
of 21 days to the parturition dates, which correspond to the 
period after which the offspring, although still suckling, starts 
eating solid food (Collett 1981). In addition, we calculated the 
average longitudinal length of the embryos or fetuses in each 
locality.
We applied generalized additive models for location, scale, 
and shape (GAMLSS—Stasinopoulos and Rigby 2007) to 
assess the relationship between climate, fruiting, paca repro-
ductive events, and hunting. By using GAMLSS, it is possi-
ble to test across a wide set of distribution families, ensuring 
the best fit to the data is selected. Analyses were conducted 
in 3 sets using a theoretical framework of likely direct rela-
tionships between the variables. In set (1), we evaluated the 
relationship between monthly rainfall (predictor variable) and 
monthly fruiting percentage in the 3 YMR environments. In 
set (2), we evaluated the relationship between monthly fruiting 
percentage in the 3 environments (predictor variables) and paca 
reproductive events (percentage of conceptions, parturitions, 
and weaning, and pregnancy rates) for the YMR; in this second 
set, we also tested rainfall as a predictor variable for concep-
tions in both areas (YMR and ASDR), since this factor has been 
reported as a possible cue for conceptions in several mammal 
species. In set (3), we evaluated the relationship between river 
water level and paca reproductive events (predictor variables) 
with hunting rates. For the latter, we calculated the monthly 
percentage of harvested females in each year in both areas and 
related these values with the monthly average water level and 
percentage reproductive events, which were considered con-
stants among months, independently of the year.
We tested all combinations of predictor variables in each set 
in linear or nonlinear forms using different distribution fami-
lies. Final models were selected based on ΔAIC values, i.e., the 
difference between the value of Akaike’s information criterion 
(AIC) for the model being evaluated and the model with the 
lowest AIC value (Burnham and Anderson 2004); ΔAIC val-
ues smaller than 2 indicated models with good support. Among 
these models, we chose the simplest one as final, i.e., the model 
with fewest degrees of freedom and with fewest predictor vari-
ables in the model. We used R 3.3.3 software (R Core Team 
2017) for all statistical analyses. GAMLSS were run using the 
gamlss R-package. Values are expressed as the mean ± standard 
deviation (X  ± SD).
Compliance.—All research followed guidelines of the 
American Society of Mammalogists for the ethical use of wild 
animals in research (Sikes et al. 2016) and was conducted 
in compliance with the research protocol approved by the 
Research Ethics Committee for Experimentation in Wildlife at 
the Dirección General de Flora y Fauna Silvestre from Peru 
(License 0229-2011-DGFFS-DGEFFS), by the Instituto Chico 
Mendes for Biodiversity Conservation from Brazil (License 
SISBIO No. 29092-1), and by the Committee on Ethics in 
Research with Animals of the Federal Rural University of the 
Amazon (UFRA CEUA protocol 007/2016).
results
Ripe fruit availability.—We sampled 589 trees and vines in 
8,970 m2 of upland forests, and 386 trees and vines in 5,150 m2 
of swamp forests. Fruiting patterns in the YMR varied accord-
ing to habitat type. In upland forests, fruiting trees were present 
throughout the year, with peaks in March (6.62% plants fruiting) 
and December (4.68% plants fruiting; Fig. 2). In swamp for-
ests, fruiting peaked between February and May (6.12 ± 0.83% 
plants fruiting), with no trees fruiting in September and October. 
Mauritia flexuosa showed marked fruiting during the low rain-
fall period (May–August), with the highest number of fruiting 
trees recorded in June (34.21%); no fruits were observed during 
the remaining months of the year (Fig. 2). Upland forest fruit-
ing was positively correlated with rainfall (Fig. 3; Table 1), but 
there was no correlation between rainfall and M. flexuosa or 
swamp forest fruiting (Table 1).
Paca reproductive seasonality.—There were 157 (52.3%) 
pregnant pacas among all sampled females, 100 (47.2%) in the 
YMR and 57 (64.8%) in ASDR (Fig. 4). Average fetal length 
was 11.30 ± 10.58 cm in the YMR and 17.43 ± 9.74 cm in the 
ASDR, with a significant difference between sites (t155 = 3.59, 
P < 0.01). Paca reproductive events occurred during differ-
ent periods of the year in the 2 study sites. In YMR, concep-
tions occurred mainly between October and January (50.0%), 
while parturitions primarily took place between March and 
June (49.0%). In ASDR, most conceptions occurred between 
March and June (45.6%), while most parturitions happened 
between August and November (42.1%; Fig. 5). Nevertheless, 
conceptions and parturitions occurred throughout the year in 
both sites. There was a positive relationship between con-
ceptions and rainfall in both study sites (Figs. 6A and 6B), 
but there was a negative relationship between conceptions 
and fruiting in upland forests in the YMR (Fig. 6C; Table 1). 
Pregnancy rates were positively associated with fruiting in 
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related to higher fruiting periods in swamp forest (Fig. 6E) 
and of M. flexuosa (Fig. 6F; Table 1). On the other hand, there 
was no relationship between parturition and fruiting in any 
environment (Table 1).
Hunting vulnerability of pregnant pacas.—A total of 803 
harvested paca females were recorded in the communities, 
288 in the YMR and 515 in the ASDR. Hunting rates varied 
between months, which were cyclical along the years (Figs. 7A 
and 7B) and showed a positive relationship with the river water 
level in both study sites (Figs. 7C and 7D; Table 1). A strong 
positive relationship between hunting rates and pregnancy rates 
was observed (Figs. 7E and 7F; Table 1). There were no rela-
tionships between conceptions, parturitions, and weaned off-
spring and hunting rates (Table 1).
discussion
Paca reproductive seasonality and fruit availability.—
Although pregnant females were present year-round in our 
study sites, most pregnancies occurred during periods of 
greater fruit availability in upland forests, when rainfall was 
highest. The greater food supply during this period can sustain 
larger numbers of pregnant females. When most females are in 
their last third of gestation, a period of greatest absolute fetal 
growth and when pregnant individuals demand more energy, 
fruit availability is, in fact, at its peak. A similar pattern has 
been observed for the ring-tailed coati (Nasua nasua) where the 
gestation period, concentrated between November and March, 
coincided with greater fruit availability in upland and swamp 
forests in the YMR (Mayor et al. 2013a). However, mammals 
with less selective diets are aseasonal breeders, as in the case 
of the white-lipped peccary (Tayassu pecari), collared peccary 
(Pecari tajacu), and the red brocket deer (Mazama americana—
Mayor et al. 2009, 2010, 2011), because these species consume 
green leaves, insects, and small vertebrates when fruit is less 
available (Dubost and Henry 2017). This pattern has also been 
confirmed by Dubost and Henry (2017) in French Guiana, who 
showed that mammals that consume more fruits were highly 
seasonal breeders.
Changing energy demands and seasonality in food supply.—
There is evidence from Amazonia that a seasonal increase in 
rainfall triggers fruit maturation in several habitat types, includ-
ing nonflooded forests (Haugaasen and Peres 2005). Since 
rainfall and river water levels vary in different regions of the 
Fig. 2.—Trends in (A) rainfall (dashed line) and percentage of trees bearing fruits in upland forests (solid line) and swamp forest (dotted line); 
and (B) rainfall (dashed line) and percentage of Mauritia flexuosa trees bearing fruits (solid line) along the year in the Yavarí-Mirín River, western 
Amazonia.
Fig. 3.—Relationship between rainfall (mm) and percentage of trees 
bearing fruits in upland forests in the Yavarí-Mirín River, western 
Amazonia. The gray area represents 95% CIs. The response variable 
is plotted on the y-axis in a scale of variation around the mean (µ = 0) 
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Amazon, reproductive events of the paca occur at different 
phases of the year in each of our studied sites, according to 
local variations in climate and fruit production. Paca reproduc-
tion is therefore plastic and opportunistically seasonal (Mayor 
et al. 2013b). Thus, for fruit-dependent species, rainfall, in con-
trast to photoperiod, may drive conceptions to take place some 
months prior to fruit ripening, and pregnancies and births will 
coincide with the period of higher fruit abundance. The obser-
vation made by Dubost and Henry (2006) that nonpregnant 
pacas consumed less seeds than pregnant animals also suggests 
that conceptions occur during periods of low food availabil-
ity so that pregnancies mostly occur during periods of higher 
Fig. 4.—Number and percentage of lowland paca (Cuniculus paca) samples that included a uterus showing signs of pregnancy, collected in each 
month over the monitoring years in the Amanã Sustainable Development Reserve (ASDR) and Yavarí-Mirín River (YMR), Amazonia.
Table 1.—Details of the best-fit models using GAMLSS for each response variable, with the family of distribution, ΔAIC in relation to the null 
model (∆AIC null), and generalized R2. Nonlinear effects were fit using cubic spline (cs) functions provided by gamlss R-package. Families of 
distributions are represented by log-normal (LOGNO), normal (NO), zero-adjusted gamma (ZAGA), gamma (GA), Box–Cox t (BCTo), inverse 
Gaussian (IG), Gumbel (GU), inverse gamma (IGAMMA), and reverse Gumbel (RG). Generalized R2 were calculated using the function Rsq of 
the gamlss package. Null models are indicated by 1. GAMLSS: generalized additive models for location, scale, and shape.
Best-fitted modela Estimate P-value Family of distribution ∆AIC null Generalized R2
Response variables Predictor variables
Yavarí-Mirín River
 Fruiting
  % Plants fruiting U.F. cs(rainfall) 0.0068 0.011 LOGNO 5.45 62.0
  % Plants fruiting S.F. 1 NO 0
  % Plants fruiting M.f. 1 ZAGA 0
 Paca reproductive events
  % Conceptions Rainfall 0.0083 0.011 LOGNO 3.97 48.5
% Plants fruiting U.F. −0.2147 0.027
  % Parturitions 1 IG 0
  % Weaned offspring % Plants fruiting S.F. 0.6945 0.009 GU 11.95 73.5
% Plants fruiting M.f. 0.0972 0.041
  Pregnancy rate cs(plants fruiting U.F.) 0.0734 0.007 IGAMMA 5.60 67.0
 Paca hunting
  Hunting rates Water level 0.0541 0.033 ZAGA 6.02 6.7
Pregnancy rate 0.2239 0.003
Amanã Reserve
 Paca reproductive events
  % Conceptions cs(rainfall) 0.0333 0.001 RG 3.97 53.6
 Paca hunting
  Hunting rates Water level 0.1020 < 0.001 ZAGA 7.22 29.1
Pregnancy rate 0.2223 < 0.001
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fruit and seed availability. Our results also show that the great-
est number of conceptions occurred when fruit availability in 
upland forests was low; pregnant pacas could take advantage 
of the subsequent periods of greater food supply. Similarly, in 
free-ranging, provisioned rhesus macaques (Macaca mulatta) 
on islands in Puerto Rico, more conceptions occurred during 
the spring rainfall period, just before the main tree-fruiting sea-
son (Rawlins and Kessler 1985).
In Amazonia, swamp forest species and M. flexuosa in par-
ticular (the most important source of food during the drought 
period) play a major role in sustaining lactating females and 
their young, which start weaning during the low-water period. 
Since during lactation females consume up to 5 times more 
food than before pregnancy (Randolph et al. 1977), the availa-
bility of ripe fruits during this period is of extreme importance. 
For several species of flying foxes (Pteropus spp.), O’Brien 
(1993) showed that lactation and offspring weaning occur 
during periods when fruit supply is at its peak. In addition, 
Lee et al. (2017) showed that giraffe (Giraffa camelopardalis) 
calves born during the dry season in Tanzania had a higher 
survival probability due to the greater energy reserves accumu-
lated by mothers during the rainy season as well as the higher 
protein concentration of available browse during the late dry-
season rains.
Hunting and reproduction in quarry species.—Different prey 
can cope with human harvest according to their population 
dynamics and biological capacity (Cardillo et al. 2005), but 
their patterns of reproduction reflect their response to environ-
mental and human disturbance. Predator–prey systems often 
co-evolve slowly through generations by the action of natural 
selection, with the appearance of phenotypical and behavioral 
traits in prey species that avoid their extinction (Kooijman 
and Lika 2014). However, the current reproductive strategies 
in wild species are not adapted to the typically more intensive 
levels of human predation, especially when hunting is directly 
impacting pregnant females and affecting the species’ recruit-
ment potential.
Water levels and hunting rates were shown to have a similar 
cyclical pattern over the period of 15 years for which data were 
available. Other studies in the Amazon basin have also dem-
onstrated that hunters maximize their captures by taking into 
account seasonal water level changes (Kvist et al. 2001; Endo 
et al. 2016). This temporal convergence between heavier hunt-
ing and pregnancies in pacas is thus likely to adversely impact 
the species’ population dynamics. A probable indication that 
hunting of pregnant paca females during high-water periods 
may affect populations of the species is available for the ASDR, 
where Valsecchi et al. (2014) demonstrated that paca hunting 
Fig. 5.—Trends in (A and B) the percentage of paca conceptions (dashed gray lines) and parturitions (solid black lines); and (C and D) aver-
age river water level (dashed lines) and percentage of pregnant female pacas (solid lines) along the year in the Amanã Sustainable Development 
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is unsustainable and the species’ abundance at this site signifi-
cantly dropped over an 8-year period.
Management implications.—Pacas provide the largest pro-
portion of wild meat consumed by local populations and even 
urban dwellers in the Amazon (Bodmer and Lozano 2001; 
Suárez et al. 2009; van Vliet et al. 2015). However, the species 
has a relatively low reproductive output, in which females only 
produce 1 young per pregnancy (Mayor et al. 2013b, 2017; 
El Bizri et al. 2017). The results presented here highlight the 
necessity for developing sustainable harvest strategies that are 
compatible with the target species’ life history and their repro-
ductive patterns. These strategies could include focusing hunt-
ing efforts on males or reducing hunting during the pregnancy 
season. However, avoiding hunting pacas during high water 
levels may not be possible for hunters. During the flooded per-
iod, fishing becomes difficult and hunting becomes the main 
source of meat supply during this period (Valsecchi et al. 2014; 
Endo et al. 2016), thus making it unlikely for a shift away from 
hunting pacas during the wet season. On the other hand, since 
male pacas can fertilize several females, hunting males exclu-
sively during the high-water period, when pregnant females 
are more common, is feasible since rural Amazonian hunters 
pursue pacas by “spotlighting” (Valsecchi et al. 2014), thus per-
mitting the identification of the sex of the animal and even the 
pregnancy stage of females (H. R. El Bizri, pers. obs.).
Another strategy to improve the state of hunted paca popu-
lations is to encourage the use of rotating hunting areas over 
the years or to protect areas during the hunting season that 
could act as refugia for females. This strategy would create 
a source–sink system where protected grounds would func-
tion as sources of individuals to repopulate areas depleted by 
hunting. This strategy has already been advocated as efficient 
to conserve species such as the culpeo fox (Pseudalopex cul-
paeus) in the Argentine Patagonia (Novaro et al. 2005) as well 
as ungulates in the Neotropics (Novaro et al. 2001; Naranjo 
and Bodmer 2007). A similar approach was effectively applied 
to recover giant Arapaima (Arapaima gigas) populations by 
encouraging community-based source–sink schemes; this 
system is now successfully applied throughout the Amazon 
(Campos-Silva et al. 2017). Here, we argue that source–sink 
systems could be equally applied for pacas. However, as all 
systems, these also need to be continuously monitored and 
adapted especially because the demand for paca meat is likely 
to increase in line with human population growth. Thus, 
Fig. 6.—Relationship between (A) rainfall and the percentage of paca conceptions in the Amanã Sustainable Development Reserve, central 
Amazonia; (B) rainfall and percentage of paca conceptions in the Yavarí-Mirín River, western Amazonia; (C) percentage of trees bearing fruits in 
upland forest and percentage of paca conceptions in the Yavarí-Mirín River, western Amazonia; (D) percentage of trees bearing fruits in upland 
forest and pregnancy rate in the Yavarí-Mirín River, western Amazonia; (E) percentage of trees bearing fruits in swamp forest and percentage 
of weaned offspring, and (F) percentage of Mauritia flexuosa trees bearing fruits and percentage of weaned offspring in the Yavarí-Mirín River, 
western Amazonia. The gray area represents 95% CIs. Response variables are plotted on the y-axis in a scale of variation around the mean (µ = 0) 










al/article/99/5/1101/5090125 by guest on 28 Septem
ber 2020
EL BIZRI ET AL.—SEASONAL REPRODUCTION AND HUNTING OF PACAS 1109
additional measures such as setting quotas of the paca popu-
lation that can be harvested per family, hunter, or community 
may be needed. Finally, since palm species are essential for 
pacas, and probably other Amazonian species, to achieve their 
highest reproductive potential, actions focused on conserva-
tion of swamp forest palm species, which are largely exploited 
Fig. 7.—Temporal trends of the river water level and hunting rates (monthly percentage of harvested females within each year) in the (A) Amanã 
Sustainable Development Reserve and (B) Yavarí-Mirín River, in Amazonia. Relationship between river water level and hunting rates in the (C) 
Amanã Sustainable Development Reserve and (D) Yavarí-Mirín River, in Amazonia. Relationship between pregnancy rate and hunting rates in the 
(E) Amanã Sustainable Development Reserve and (F) Yavarí-Mirín River, in Amazonia. The gray area represents 95% CIs. Response variables are 
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by humans (Peters et al. 1989; Rull and Montoya 2014), are 
also critical.
Due to the fact that most hunting in Amazonia is determined 
by the annual variation in river water level, we argue that the 
impact we have observed in pacas could be mirrored in other 
species, and hence might affect the sustainability of wild meat, 
so vital for numerous inhabitants. Accordingly, strategies that 
ensure the sustainability of hunted Amazonian species must be 
based on reproductive information to minimize the impact on 
their populations when they are most vulnerable.
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A B S T R A C T
Generation length (GL) of a mammal, calculated through the age at sexual maturity, first re-
production and reproductive senescence can be used to assess the capacity of a population of a
species to withstand differing amounts of hunting pressure by humans without depletion of
animal numbers. Due to the lack of reproductive data for wild mammals, the GL is often difficult
to determine for most species. In the present study, the GL parameters were assessed for the wild
lowland paca (Cuniculus paca) from a sample of 119 female genitalia obtained during a 15-year
hunter participatory program in the Amazon. The probability of female pacas being sexually
active, with observable ovarian functionality or pregnancy, increased as both body and genitalia
masses increased. The average body mass at puberty was 5.46 kg. Puberty was estimated to occur
at 4 months of age, from which there was estimation when age at first parturition would occur 9
months after birth. Additionally, there was no indication that there was a decrease in parturition
rate at more advanced ages. The estimated age of first reproduction for pacas was much less than
previous estimates, most from assessments of captive animals. In addition, because there was no
evidence of reproductive senescence, it is suggested that the average age of mature hunted pacas
should be used to determine optimal harvesting rates of pacas by humans. The present study
highlights the importance of in situ studies on reproduction of animals in their natural habitat
because these will yield more accurate reproductive variable estimates than those obtained from
captive animals. It is suggested that similar methods be used to accurately assess reproductive
parameters of other tropical species that are hunted by humans.
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1. Introduction
Generation length (GL) for mammals has been defined as the “average age of parents of the current cohort” (IUCN, 2001; 2012a),
and the “age at which half of total reproductive output is achieved by an individual” (IUCN, 2004); the latter calculated as the
average age at which reproduction occurs first and last in an animal’s life. The GL has been used as a reference time-frame in a
multitude of ecological analyses to assess a species extinction risk (Gaillard et al., 2005; Perry et al., 2005; Jiguet et al., 2007; Mace
et al., 2008; IUCN, 2012b). An accurate estimation of the GL of any species is also important in determining its capacity to withstand
additional death losses imposed by humans.
Although GL is often difficult to determine due to the paucity of detailed reproductive data from species in their natural habitat,
overall patterns are based on published metrics as well as taxonomic and allometric species relationships (e.g., Di Marco et al., 2012;
Pacifici et al., 2013). Long-lived species are usually characterized by having a large body size, relatively lower reproductive rates,
slower sexual maturation, greater parental care and a long GL (Clutton-Brock, 1988; de Andrade et al., 2018). Long-lived species are
especially vulnerable to hunting pressures; short-lived species of smaller body size, greater reproductive rates, earlier puberty and a
shorter GL are generally more resilient to human hunting pressure (Peres, 2000; Jerozolimski and Peres, 2003; Smucny et al., 2004;
Nasi et al., 2008; Ripple et al., 2016; 2017).
Reproductive variables, including the GL of game species, are important elements in most mathematical models used for assessing
the capacity of a species’ population to withstand hunting by humans at a sustainable level over time (Weinbaum et al., 2013). For
example, the intrinsic rate of population increase of a species, Rmax, is calculated based on the annual birth rate of female offspring,
age at first parturition, and age at last parturition during its lifetime (Cole, 1954), and is useful in predicting how a target species may
respond to various harvesting levels (Greene et al., 1998). Gathering empirical data on the reproductive variables of hunted wild
species is laborious. This has meant that Rmax calculations for most game mammals are based on measures derived from captive
animals (Robinson and Redford, 1986).
While data from captive animals are important and can be useful, reproductive variables may differ from populations in their
natural habitat due to differences in stress levels, lack of natural predation and diseases, and the constancy of resources, mates and
territories. Accordingly, if values for reproductive variables from captive animals are used in hunting assessments, they can under or
overestimate the numbers of animals that can be sustainably harvested from populations (Milner-Gulland and Akçakaya, 2001). In a
study of ten Amazonian mammals, wild populations of five species had birth rates that were less than those derived from captive
animals (Mayor et al., 2017). Furthermore, values for reproductive variables currently used to calculate GL such as age at the time of
an animal’s first and last parturition can differ from estimates for captive animals and, therefore, the data are not reliable for
population sustainability assessments.
The lowland paca (Cuniculus paca) is a large-sized rodent, currently the most hunted Neotropical species (El Bizri et al., 2015,
2016). Paca reproduction has been extensively studied in captivity for about five decades (see Pérez and Hernández, 1979;
Matamoros and Pashov, 1984; Smythe, 1991). The paca is a polyestrous species with spontaneous ovulation and an estrous cycle of
32.5 (± 3.69) days that breeds throughout the year in captivity (Guimarães et al., 2008). Additionally, the paca is a uniparous
species with rare cases of twin gestations (Pérez and Hernández, 1979; Merrit, 1989; Oliveira et al., 2003, 2007). In the Amazon, the
lowland paca in its natural habitat has 1.37–1.48 annual parturitions that are seasonally distributed depending on the amounts of
fruitification and river water, with a long estimated farrowing interval of 247–266 days (Mayor et al., 2013; El Bizri et al., 2018).
In contrast to captive studies, little reproductive data are available for wild pacas. For example, the age at first parturition used for
Rmax calculations, 365 days (Robinson and Redford, 1986; Collett, 1981) is known to vary between 225 and 703 days (Merrit, 1989;
Smythe, 1991; Nogueira et al., 2006; Belaunde, 2008; Guimarães et al., 2008). Because most estimates were obtained from captive
populations, this variation may be explained by using differing diagnostic methods and environmental conditions in studies that can
affect the behaviour and physiology of the animals. In contrast, an analysis of paca female reproduction for animals in their natural
habitat was conducted using dental cementum and these animals reached a maximum age of around 12.5 years, and were still
reproductively active (Collett, 1981). There is no further detailed information on the decrease of reproduction capacity with aging
(i.e., age of reproductive senescence) in pacas and other Neotropical game mammals, and few studies have been conducted to
investigate reproductive variables by direct examination of reproductive organs.
In the present study, there was examination of a large sample of genitalia of wild lowland paca females, from which there were
calculations of age at sexual maturity and first parturition. From these data, there was also an investigation of whether there was
reproductive senescence in the species. These refinements allowed for the discussion of potential effects of using new GL values on the
results of models assessing sustainable harvest rates of wild lowland paca populations for human purposes.
2. Materials and methods
2.1. Study sites
Materials used in this study were obtained from two study sites, the Yavarí-Mirín River (YMR, 04°19′53″ S; 71°57′33″ W) and the
Amanã Sustainable Development Reserve (ASDR, 01°54′00″ S; 64°22′00″ W). The YMR is located in the Western Amazon, and
encompasses 107,000 ha of continuous upland forests with one single indigenous community of 307 inhabitants. The ASDR is a
2,313,000 ha reserve of predominantly upland forests in the Central Amazon, between the Negro and Japurá Rivers. Approximately
4000 riverine people inhabit 23 communities and some isolated settlements within ASDR. In both areas, local residents rely mainly
on agriculture for income and on hunting and fishing for subsistence. The climate in both study areas is typically equatorial with
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annual temperatures ranging from 22 to 36 °C, relative humidity of 80%, and annual rainfall between 1500 and 3000mm.
2.2. Biological material and data collection
Local hunters from the one community in the YMR and from five communities in the ASDR were trained to remove abdominal and
pelvic organs from hunted animals and to store these in buffered 4% formaldehyde solution (v/v). From 2000–2016, local hunters
collected and voluntarily donated genitalia from a total of 119 female pacas; 44 in the YMR and 75 in the ASDR. All genitalia were
individually labelled with the hunting date and the specimen’s body mass.
In addition, between 2002 and 2015, hunters in the ASDR recorded data from all pacas onto datasheets (n=1027), including sex,
body mass and date harvested. Only data related to females (n=522) were utilized in the present study. All research was conducted
in compliance with the research protocol approved by the Research Ethics Committee for Experimentation in Wildlife at the Dirección
General de Flora y Fauna Silvestre from Peru (License 0350−2012-DGFFS-DGEFFS), by the Instituto Chico Mendes Institute for
Biodiversity Conservation from Brazil (License SISBIO No 29092-1), and by the Committee on Ethics in Research with Animals of the
Federal Rural University of the Amazon (UFRA CEUA protocol 007/2016).
2.3. Laboratory procedures
Genital organs of females were examined for evidence of conceptuses. In addition, the two ovaries of non-pregnant females were
sliced and analyzed using a magnifying glass to evaluate the presence of ovarian structures: corpora lutea (CL) and antral follicles
larger than 2mm. Two classes of sexually active females were defined: i) pregnant females with conceptuses (i.e., pregnant females);
and ii) non-pregnant females with at least one CL and/or large antral follicles (i.e., non-pregnant estrous cycling females) (Mayor
et al., 2013). In contrast, non-pregnant females without a CL or large antral follicles were considered to be anestrous.
The tubular genital organs (uterine horns, cervix and vagina) of non-pregnant females as well as the conceptuses of pregnant
females were weighed using a digital weigh scale (0.1 g accuracy; characterized as genitalia mass). Uterine characteristics of pregnant
females were not assessed.
2.4. Data analysis
A one-way ANOVA with a post-hoc Tukey test was used to assess whether the average body mass differed among anestrus, estrous
cycling-non-pregnant and pregnant females, including the body mass of pregnant females with and without the conceptus mass. A t-
test was used to compare the uterine mass between anestrus and estrous cycling females. Generalized Additive Models for Location,
Scale and Shape (GAMLSS) (Stasinopoulos and Rigby, 2007) with the binomial distribution were used to assess the likelihood of
females being sexually active (estrous cycles or pregnancy occurring) based on the body mass for all females in the study and to the
genitalia mass for non-pregnant females.
Using the probability curve that was developed, there were calculations of the body mass of individuals with a 75% probability of
initiation of estrous cycles as a result of pubertal onset and considered this as the average at which most pacas would become pubertal
(i.e., pubertal females). There was also calculation of the body mass at which there was a 50% and 100% probability of puberty
occurring, using these as the minimum and maximum range of body mass for puberty to occur in females, respectively. There was a
subsequent classification as pubertal females of all female pacas that were harvested in the ASDR that were within this body mass
range. There was a cross-correlation of the monthly percentages of births in pacas as reported by El Bizri et al. (2018) with the
percentages of harvested females that were pubertal to estimate the best fitted time-lag (in months) corresponding to the onset of
puberty. The GAMLSS were then used to assess the relationship between the percentage of harvested pubertal females corrected by
the selected time-lag and the percentage of births. The same analysis was used to assess the relationship between conceptus mass and
pregnant female mass.
To assess whether there is reproductive senescence or a decrease in reproductive rate with advancing age, the GAMLSS analysis
was used to evaluate the relationship between the individual body mass of non-pregnant females and the genitalia mass, both in
absolute values and relative percentage in relation to the body mass. The existence of an asymptote or decrease in genitalia mass in
females with greater body mass may indicate the cessation of capacity to become pregnant at a certain body mass value.
In all GAMLSS models, linear or non-linear relationships and different families of distribution were tested. Families of distribution
and final models were selected based on ΔAIC values (Burnham and Anderson, 2004), in which ΔAIC<2 indicated best fit models. In
addition to the AIC ranking, distribution of the residuals (Q-Q Plot) was also checked for selecting the best-fitted family of dis-
tribution. The R 3.3.3 software (http://www.Rproject.org/) was used for all statistical analyses, and GAMLSS models were tested
using the gamlss R-package.
3. Results
3.1. Ovarian structure determinations, genitalia mass and pregnancy diagnosis
Among the females (n = 111) for which there were ovarian structures detected that indicated there had been onset of estrous
cycles and in which there was pregnancy diagnoses, there were nine that were anestrous (8.1%) and 102 (91.9%) that had initiated
estrous cycles. Among females that were post-pubertal, 18 (17.6%) were non-pregnant and 84 (82.4%) were pregnant (Fig. 1). Post-
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pubertal females had a larger body mass (7.4 ± 1.8) compared to anestrous females (4.2 ± 1.6 kg; F=18.36, df= 3, P < 0.0001),
however, there was no difference between post-pubertal non-pregnant and pregnant females when assessments were made with or
without conceptus mass.
Estrous cycling females had a larger genitalia mass compared to anestrous females (t=3.22, df= 25, P = 0.0035; Table 1).
Ovarian structures, indicating there had been onset of estrous cycles, were observed in pacas with greater than 5 kg of body mass, and
all females with more than 65 g of genitalia mass had ovaries that contained a corpus luteum or large follicles. In addition, the
probability of female pacas being estrous cycling increased with an increase in both body and genitalia masses (Fig. 2, Table 2).
3.2. Age at sexual maturity, first parturition and onset of reproductive senescence
Based on the curve between body mass and the probability of females being sexually active (estrous cycling or pregnant) (Sexual
activity = e(−11.36+2.28*Body mass)/1+ e(−11.36+2.28*Body mass)), there were calculations of the average body mass at the time of
puberty to be 5.46 kg (75% of probability), ranging from 4.98 kg (50% of probability) to 6.73 kg (˜100% of probability).
Using the probability curve, there was a determination of the number and percentage of pubertal females among all pacas
harvested in the ASDR. Monthly percentage of pubertal females peaked in March (24.0%), August (20.9%) and September (25.8%)
(Fig. 3). There was a positive relationship between percentage births and percentage pubertal females with a -4 months time lag
( r2=0.31; Fig. 4; Table 2). There was also a positive relationship ( r2=0.28) between conceptus mass and pregnant female body
mass (Fig. 5, Table 2). Similarly, in non-pregnant estrous cycling females there was an obvious non-linear positive relationship
between body mass and the absolute and relative genitalia mass (Fig. 6, Table 2).
4. Discussion
Reproductive variables such as age at sexual maturity, age at first parturition and decreased reproductive rate as a result of aging
Fig. 1. Distribution of number of lowland paca female genitalia samples characterized by reproductive tract characteristics diagnosed by the
presence of ovarian structures and pregnancy (n=111) as related to the increase in female body mass in Amazonia.
Table 1
Categorization of females based on the presence of pregnancy and ovarian structures that are indicative of the onset of estrous cycles along with
number of samples and comparison of mean body mass and mass of tubular genital organs; Distinct letters between values within the same column
indicate differences at P < 0.05.
Category Ovarian functionality n (Number of samples) Mean body mass (kg)± SD Mean genitalia mass (g)± SD
Non-pregnant Inactive 9 4.2 ± 1.6a 20.96 ± 13.16a
Active 18 7.4 ± 1.8b 46.69 ± 21.92b
Pregnant without conceptus mass Active 84 8.0 ± 1.5b –
Pregnant with conceptus mass Active – 8.2 ± 1.5b –
Non-pregnant Unidentified 8 – –
Overall – 119 7.6 ± 1.9 40.61 ± 25.68
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Fig. 2. Probability of reproductive tracts being sexual active (estrous cycling or pregnant) in the lowland paca (Cuniculus paca), diagnosed A - by the
presence of ovarian structures or pregnancy according to body mass; and B - by the presence of ovarian structures according to genitalia mass.
Table 2
Details of the best-fit models using GAMLSS for each response variable, with the family of distribution, delta AIC in relation to the null model (ΔAIC
null) and generalized R2 Non-linear effects were fit using penalized beta splines (pb) and cubic smoothing splines (cs) functions provided by gamlss
R-package; Families of distributions are represented by Binomial (BI), Gumbel (GU), Weibull (WEI3), Generalized Gamma (GG) and Box-Cox t
original (BCTo); Generalized R2 were calculated using the function Rsq of the gamlss package.
Best fitted model Estimate P (P-value) Family of distribution ΔAIC null Generalized R²
Response variables Predictor variables
Sexual activity
Presence of ovaries’ structures/pregnancy Body mass (kg) 2.281 0.0035 BI 37.71 30.07
Presence of ovaries’ structures Genitalia mass (g) 0.097 0.0286 BI 8.82 33.01
% Hunted pubertal females – 4 months % Births 0.766 0.0376 GU 2.53 31.42
Pregnancy
Female body mass (kg) Conceptus mass (g) 0.00033 <0.0001 WEI3 19.30 27.58
Reproductive senescence
Non-pregnant genitalia mass (absolute values) pb(Body mass) 0.283 < 0.0001 GG 46.94 57.07
Non-pregnant genitalia mass (relative values) cs(Body mass) 0.114 < 0.0001 BCTo 18.51 53.11
Fig. 3. Temporal trend in the monthly percentage of paca births (solid red line) based on El Bizri et al. (2018) and monthly percentage of hunted
pubertal females without time lag (solid blue line) and with a -4 month time lag (dashed gray line) in the Amanã Sustainable Development Reserve,
Amazonia (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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are important for determining the sustainability of populations of hunted species. In the present study, it was possible to obtain more
realistic measures of these variables by using genitalia of animals that were harvested in their natural habitat. Ovarian functionality
was initiated in pacas that had about 5.5 kg of body mass. There was determined that these pubertal pacas would have about 4
months of age. In addition, all females larger than 6.5 kg were pregnant or had ovaries that did contained a corpus luteum and/or
large follicles indicating there had been onset of estrous cycles, thus all pacas with these ovarian structures or pregnancy were
considered to be sexually mature. If a pregnancy length of 149 days is considered (Guimarães et al., 2008), first parturition in the
pacas in their natural habitat would occur from 9 months of age onwards. This is much earlier in life than most of these previous
estimates for this species where parturition on the average was estimated to occur at about 1 year of age (Collett, 1981; Merrit, 1989;
Smythe, 1991; Nogueira et al., 2006; Belaunde, 2008; Guimarães et al., 2008).
Although this estimate indicates that sexual maturity happens earlier in life than was previously thought to occur, this value is
validated by body mass growth curves for pacas. Available body mass growth curves indicate that the female paca would weigh 4.54
(Collett, 1981), 4.65 (Rodríguez and Arroyo, 2008), 5.15 (Belaunde, 2008), or 8.35 (Santos et al., 2006) kg at 4 months of age.
Realizing that there is a broad range in body weights in these various studies, the average of these values (5.67 kg) is consistent with
the estimated average body mass for pubertal females in the present study (5.46 kg, 75% of maturity probability). Furthermore, pacas
are considered precocial, having a longer gestation period and a relatively greater intrauterine fetal development than several other
Fig. 4. Association between the percentage of pubertal females and the percentage of births with a -4 month time lag in the Amanã Sustainable
Development Reserve; response variable is plotted on the y-axis in a scale of variation around the mean (μ=0) calculated from the original data
used to develop the model.
Fig. 5. Relationship between conceptus and body mass of pregnant females; response variable is plotted on the y-axis in a scale of variation around
the mean (μ=0) calculated from the original data used to develop the model.
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rodent species. This results in pacas giving birth to well-developed neonates that are relatively independent in their extra-uterine life
and with a lesser need for parental care (El Bizri et al., 2017). In precocial species, there is a relatively greater metabolic energy
utilization during pregnancy with compensation occurring as a result of less time devoted to lactation and offspring care, leading to
earlier maturity of the offspring (Derrickson, 1992; Martin et al., 2005). It is, therefore, unlikely that female offspring would require a
long maturation period before the time of pubertal onset and ultimately pregnancy occurring.
Previous studies on reproduction of lowland pacas have been conducted using captive animals, so divergences between age at
sexual maturity and first parturition in the present and past studies may be related to this difference. For example, although pacas are
solitary in the wild, animals have been maintained in large colony groups of males and females in some studies. In these situations,
first parturitions have been recorded between 14.9 and 23.4 months of age (Merrit, 1989; Perez-Torres, 1996; Belaunde, 2008). The
grouping of animals has been imposed in confinement to enhance the reproductive performance in several hystricomorphs. In co-
lonial hystricomorph rodents, such as the wild cavies, Cavia aperea, and domestic guinea-pig, Cavia aperea f. porcellus, puberty occurs
in captive females in the presence of males more than 15 days before those housed without males (Trillmich et al., 2006). Fur-
thermore, maintaining individuals in large groups may also result in suppression of reproductive functions (Wasser and Barash, 1983;
Kaplan et al., 1986; Abbott et al., 1988).
In many rodents, reproductive suppression is a consequence of the relatively lesser concentrations of luteinizing hormone
(Faulkes et al., 1990), urinary chemo-signals or pheromones (Brown and MacDonald, 1984), or by hierarchical competition where a
dominant individual induces stress in subordinates through agonistic behavior. Wild Cape ground squirrel (Xerus inauris) females in
large groups have a delayed sexual maturation compared to those in smaller groups (Waterman, 2002). This reproductive suppression
occurs in both captive and wild colonies and it appears as though naked mole-rat (Heterocephalus glaber) females in large group
environments are reproductively suppressed for their entire lifespan as a result of relatively lesser concentrations of luteinizing
hormone than breeding females (Faulkes et al., 1990). In addition, other factors such as photoperiod, temperature and feeding habits
in captivity can affect reproduction and may differ substantially from what occurs in the animal’s natural habitat (Trillmich, 2000).
Thus, it is likely that these factors contribute to a delayed sexual maturation in the captive lowland paca.
The present study is the first in which there has been an attempt to assess the onset of reproductive senescence of pacas in their
natural habitat using characteristics of reproductive organs as the biological markers to do so. There was no indication, based on
findings in the present study, of reproductive senescence because there was no asymptote of genitalia mass or absence of structures
indicative of onset of estrous cycles in ovaries in large females. There was a consistent positive relationship between body weight and
uterine mass of lowland pacas in the present study, thus, there were no indications of uterine involution occurring in the older pacas,
at least in hunted populations. The largest females in the present study were pregnant at the time tissues were collected. These
findings indicate pacas can reproduce as their age advances, and possibly at a high rate. This interpretation is plausible considering
there is not generally a post-reproductive female lifespan in mammals with this being limited to humans and a few species of toothed
whales (Ellis et al., 2018). Consistent with findings in the present study there have been estimates of lowland paca age in a previous
study through dental enamel analyses. Findings indicated that when there was not hunting of wild pacas by humans in their natural
habitat sites in Colombia, these pacas could be 12.5 years of age and still be reproductively active, while the maximum recorded age
was 8 years in sites where harvesting of pacas for human purposes occurred (Collett, 1981). This means that senescent paca females
are unlikely to exist in hunted populations because larger, and therefore older, individuals are generally harvested for human
purposes. These factors can have a substantial effect when considering the effect of paca hunting on population sustainability
Fig. 6. Relationship between body mass and A - absolute mass of tubular genital organs and B – relative genitalia mass of non-pregnant pacas in
Amazonia (n=35); Red dots: anestrous females (n=9); blue dots: estrous cycling females (n=18); green dots: ovarian characteristics unidentified
due to lack of ovaries (n=8); dashed line represents the average absolute genitalia mass (40.61 g) and average relative genitalia mass (0.006%),
while the y-axis is in a scale of variation around the mean (μ=0) calculated from the original data used to develop the model (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article).
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assessments.
In biological terms, to determine whether there is reproductive senescence in pacas, in-depth studies of pacas in their natural
habitat should be conducted because the captive environment may result in an improved fitness and longer lifespan. For example,
grey mouse lemur (Microcebus murinus) females lived 50% longer in captivity than females in their natural habitat (Hämäläinen et al.,
2014). In addition, there needs to be further studies conducted where there is assessment of more precise age data (from skulls) and
maturity information from ovaries similar to what occurred in the present study to further ascertain whether there is reproductive
senescence in the paca. For paca population sustainability assessments when hunting occurs, the results of the present and a previous
study (Collett, 1981) indicate there is no cessation of reproduction, thus, it is suggested that the average age at harvest, as a result of
hunting of mature female pacas, be considered the age of the last reproduction event.
The implementation of conservation programs for hunted species is often guided by assessments of their vulnerability to ex-
tinction or sustainability of hunting (Bowler et al., 2014). Because previous calculations of reproductive processes of pacas are likely
biased, refinements in conservation programs should occur as a result of the enhanced knowledge from the present study regarding
the age at sexual maturity. These findings imply that there should be substantial changes to calculations of the GL and, in turn, the
calculation of intrinsic rate of population growth (Rmax) for this species. Using the most current calculation of birthrate of female
offspring (0.71; Mayor et al., 2017), the age of first reproduction calculated in conducting the present study (9 months, or 0.75 years)
and the classic measure of age at last reproduction (12.5 years; Collett, 1981), the revised Rmax for paca would be 0.60. This is
greater than the refined value that was recently published (0.54; Mayor et al., 2017), but still 10.4% less than the established estimate
(0.67; Robinson and Redford, 1986). Hence, even when there is consideration of the findings in the present study that pacas sexually
mature earlier than what was previously reported, pacas still reproduce less efficiently than expected when calculations were based
on data from previous studies. In addition, pacas produce one offspring per gestation and in Amazonia there is an unexpected
seasonal pattern of reproduction that converges with periods when there is greater hunting intensity and consequently the harvesting
of a large number of pregnant females for human consumption (Oliveira et al., 2007; Mayor et al., 2013, 2017; Valsecchi et al., 2014;
El Bizri et al., 2018). When results of the present and previous studies are considered, there needs to be a critical review of previous
population sustainability assessments for the species, and calculations of sustainable yields for future in situ management actions (ie.,
establishment of hunting quotas) should be more conservative.
5. Conclusions
The results of the present study indicate that estrous cycling and pregnant females of lowland paca in their natural habitat have a
larger body mass than anestrous females. Ovarian functionality or pregnancy were observed in animals with greater than a 5 kg body
mass, and all females with more than 65 g genitalia mass had ovaries containing structures indicative that there had been an onset of
estrous cycles before the time of harvest. It is estimated that puberty occurs at about 4 months of age, implying that first parturition
occurs at 9 months of age. In addition, there is no evidence that reproductive senescence occurs in the lowland paca. The enhanced
information, as a result of the present study, about reproduction of the paca should be considered when conducting population
sustainability assessments for the species in areas where hunting occurs.
In addition, results of the present study highlight the importance of in situ studies in understanding the reproduction of species in
their natural habitat. These investigations yield more precise information about factors affecting population size of a hunted species
in their natural habitat. As ascertained from results of the present study, age at sexual maturity as well as parturition patterns of
species in their natural habitat can be obtained and made available to help refine hunting sustainability models. The manner in which
the present study was conducted also emphasizes the opportunities to involve local hunter communities in a participatory manner to
allow for the collection of large amounts of biological material (see also Mayor et al., 2017). We recommend this method because
users of the resource are themselves able to gain directly from the knowledge generated from such studies.
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Abstract
1. Involving communities in sustainable wildlife management in tropical forests can 
ensure food security and livelihoods of millions of forest dwellers that depend on 
wild meat, and also safeguard hunted species. Mathematical models have been 
developed to assess hunting sustainability; but these require empirical informa-
tion on reproductive parameters of the prey species, often challenging to obtain.
2. Here, we suggest that if local people can accurately identify the reproductive status 
of hunted animals in the field, these data could fill the existing knowledge gap re-
garding species' life-history traits and enable better assessments of hunting impacts.
3. We first tested whether local people in 15 rural communities in three Amazonian 
sites could accurately diagnose, before and after training, the pregnancy status 
of hunted pacas Cuniculus paca, which we use as our model. We then applied the 
results from these tests to correct reproductive status data of hunted specimens, 
voluntarily collected over 17 years (2002–2018) as part of a citizen-science pro-
ject in one of our study sites. We ran generalized additive models to contrast 
these corrected reproductive rates with those obtained from the direct analy-
sis of genitalia by researchers, and with indices describing game extraction levels 
(catch-per-unit-effort, CPUE, and age structure of hunted individuals).
4. Before training, interviewees correctly diagnosed pregnancy in 72.5% of tests, 
but after training, interviewees accurately diagnosed pregnancy in 88.2% of tests, 
with high improvements especially for earlier pregnancy stages. Monthly preg-
nancy rates determined by hunters and by researchers were similar. Reported 
annual pregnancy rates were negatively correlated with CPUE, and positively 
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1  | INTRODUC TION
Ensuring the sustainability of wildlife hunting in tropical forests 
is crucial to guarantee the conservation of game species and 
safeguard the food security and livelihoods of millions of forest 
dwellers (Coad et al., 2019). Since the early 1990s, a wide range 
of mathematical models have been developed to assess hunt-
ing sustainability (Weinbaum, Brashares, Golden, & Getz, 2013). 
These models require accurate information on population abun-
dance, reproductive and mortality patterns of the hunted species 
(Weinbaum et al., 2013).
Reproductive performance of wild vertebrates is usually studied 
by directly examining animals after capture and restrain, or from di-
rect field observations of births (e.g. Zhang et al., 2007). Because both 
methods are challenging, especially for tropical forest animals (Fragoso 
et al., 2016), researchers are limited by the lack of basic information 
on age of first reproduction, breeding cycles and pregnancy rates of 
hunted species (Milner-Gulland & Akçakaya, 2001). Moreover, such 
information is also essential for the development of complex demo-
graphic models, such as how reproductive rates change in response to 
the removal of individuals by hunting. These models are rarely applied 
due to the lack of data; thus, researchers employ simpler ones that 
perform with much higher uncertainty levels (Weinbaum et al., 2013).
A cost-effective option for gathering large amounts of biological 
and ecological evidence in the field is via citizen scientists (Dickinson, 
Zuckerberg, & Bonter, 2010). By involving non-professionals it is 
possible to obtain vital information on a variety of subjects (Bonney 
et al., 2014; Steger, Butt, & Hooten, 2017). In the tropics, Indigenous 
and rural people have been involved in citizen-science projects, pro-
viding information on animal populations and trends, just as accu-
rately as trained scientists (e.g. Danielsen et al., 2014). Since local 
communities in tropical forests have extensive knowledge of the en-
vironment and are the main direct users of natural resources, their 
participation in scientific monitoring is central (Pocock et al., 2015).
Mayor, El Bizri, Bodmer, and Bowler (2017) have demonstrated 
the effectiveness of citizen science through a community-based 
collection of organs of Amazonian forest mammals to determine 
reproductive parameters. In this study, local hunters collected and 
voluntarily donated complete visceras of hunted specimens over an 
uninterrupted 15-year period. Using this material, Mayor et al. (2017) 
were able to estimate annual birth rates of female offspring. These 
estimates differed significantly from those obtained in sustainability 
assessments that often use data from captive populations.
As shown by Mayor et al. (2017) it is possible to collect accurate 
reproductive parameters of some hunted species over the long-term 
through the examination of biological materials brought back to re-
searchers. This is possible for small-bodied animals but not for large 
species since their viscera are often not brought back from the forest 
due to their heavy weight (see Mayor et al., 2017). In the current 
system, local people are only responsible for sample collection, since 
the determination of the reproductive status of animals is done by 
technicians in laboratories, thus increasing survey costs, and does 
not involve locals in data processing and analysis, and arguably in 
using the collected data in decision-making. Conversely, if local peo-
ple could accurately categorize the reproductive status of hunted 
specimens where they are hunted, data collection becomes cheaper, 
easier to implement and more frequent, therefore substantially in-
creasing sample sizes. Beyond providing more precise estimates of 
reproductive rates, larger sample sizes would also permit the bet-
ter understanding of hunting impacts, for example by determining 
how variation in reproductive rates over time relates to density- 
dependent responses of populations to hunting.
In this study, we used the lowland paca Cuniculus paca as 
our model species, because it is among the top three most 
hunted species in the Neotropics (e.g. El Bizri, Morcatty, Lima, & 
Valsecchi, 2015; El Bizri et al., 2020; Peres, 2000), allowing us to 
acquire a large number of samples. Using photographs of genita-
lia of paca females donated by hunter families, we tested whether 
an effective method could be implemented for citizen scientists to 
accurately diagnose the reproductive status of hunted specimens. 
We first established the local peoples' capacity to determine the 
reproductive status of female pacas in three Amazonian sites, 
correlated with the percentage of immatures in the hunted population, in accord-
ance with an expected density-dependent response to variations in hunting levels.
5. Synthesis and applications. We show that the voluntary diagnosis of game species' 
reproductive status by local people is a feasible method to obtain accurate life-
history parameters for hunted tropical species, and to assess hunting effects on 
game populations. Given that almost half of the protected areas in the world are 
co-managed by local people, our results confirm the potential of integrating local 
communities in citizen-science initiatives to ensure faster, low-cost and more ac-
curate data collection for wildlife management.
K E Y W O R D S
Amazon, citizen science, hunting, protected areas, reproduction, sustainability, tropical 
forests, wild meat
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before and after a period of training. We then used these results 
to correct the pregnancy rates estimated for the species from data 
collected by local people on hunted specimens' reproductive status 
over a 17-year period (2002–2018) in one study site. For this study 
site, we compared the corrected pregnancy rates with those de-
termined from genitalia samples by trained researchers, and with 
hunting indices to describe the effects of hunting on the studied 
game populations.
2  | MATERIAL S AND METHODS
2.1 | Study sites
We conducted our study in three Amazonian sites (Figure 1). The 
Yavarí-Mirín River (YMR, 04°19′53″S; 71°57′33″W) is located in 
the northeastern Peruvian Amazon, and encompasses 107,000 ha 
of continuous upland forests where a single Indigenous commu-
nity of 307 inhabitants live (Figure 1). The Amanã Sustainable 
Development Reserve (ASDR, 01°54′00″S; 64°22′00″W) is a 
2,350,000 ha reserve of predominantly upland forests in the 
central Brazilian Amazon, between the Negro and Japurá Rivers. 
Approximately 4,000 riverine people inhabit 80 communities and 
some isolated settlements within this reserve. The middle Juruá 
River (MJR) region in southern Brazilian Amazonia (5°40′26″S, 
67°30′25″W) comprises two protected areas of sustainable nat-
ural resources use (Middle Juruá Extractive Reserve and Uacari 
Sustainable Development Reserve) with 886,175 ha of lowland 
and upland forests. These two reserves are occupied by c. 3,200 
people in 57 settlements. In all three areas, local communities rely 
mainly on agriculture for income and on hunting and fishing for 
subsistence.
F I G U R E  1   A map showing the three sampled sites with locations of the 15 communities within Amazonia where interviews on the 
reproductive status of game species were performed (interview sites), between 2017 and 2019, and of the five communities where hunting 
and reproductive data were provided by local people in a citizen-science project between 2002 and 2018 (monitoring sites). Note that 
three communities in the Amanã Sustainable Development Reserve participated in both interviews and monitoring collections, and thus are 
classified as ‘monitoring and interviews sites'
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2.2 | Local people interviews
Photographs were taken of all paca female genitalia collected 
(n = 300) from animals donated for research by local people in the 
YMR and ASDR (see El Bizri et al., 2018; Mayor et al., 2017; Mayor, 
Guimarães, & López, 2013; see Figure S1). For pregnant genitalia, we 
removed the conceptuses and measured their crown-rump length 
using a metal vernier calliper (maximum 300 mm).
From the pool of photographs, we selected a total of 42 
showing complete genitalia, being seven (16.7%) photographs of 
non-pregnant females and 35 (83.3%) from pregnant females with 
conceptuses ranging from 0.5 to 26 cm in length (M = 7.51 cm; 
SD = 7.28 cm), depicting the increasing range in conceptus size along 
gestation. Using these photographs, we asked interviewees to an-
swer whether they thought the specimen was pregnant or not. If 
they considered the specimen to be pregnant, the interviewee was 
requested to point out where he/she believed the conceptus was 
implanted within the uterus.
Considering the time available for the study, we used simple ran-
dom sampling (Albuquerque, Cunha, De Lucena, & Alves, 2014) to 
select the maximum number of young and adults to interview within 
each sampled community. We interviewed a total of 104 people, 81 
men (77.9%) and 23 (22.1%) women. The average age of the men 
was 38.7 ± 13.9 SD (17–72 years old), and of women 41.3 ± 14.1 SD 
(24–75 years old). Interviews were conducted in August 2017 in the 
single YMR community, in May and October 2018, and in January 
and June 2019 in five ASDR communities, and in November 2018 in 
nine communities in the MJR.
We held two rounds of interviews for each person during a sin-
gle interview day. In the first round, we showed the pictures ran-
domly and asked people to determine the reproductive status of 
each specimen without giving them any clues or guidance on the 
reproductive biology of the species. In the second round, we used 
three of the pictures to train interviewees on how pregnancy oc-
curs, explaining where the conceptuses would normally be found in 
the uterus, and how to determine their presence. We then shuffled 
the photographs and randomly presented these again for their sec-
ond diagnosis.
2.3 | Hunting registers
In the ASDR, a citizen-science hunting monitoring system has 
been active since 2002 and is ongoing. In this site, we trained 
five local hunters within five separate communities to assemble 
a wide range of data on the daily hunting activity of community 
members, including time spent hunting and number of hunters in-
volved, as well as collect data on each specimen hunted: sex and 
the body mass of hunted individuals, and reproductive status of 
females (pregnant or non-pregnant). Hunters voluntarily provided 
information to collectors after returning from their hunts. By the 
end of 2018, collectors had recorded data for a total of 1,236 
hunted pacas.
All research were conducted in compliance with the re-
search protocol approved by the Research Ethics Committee for 
Experimentation in Wildlife at the Dirección General de Flora y 
Fauna Silvestre from Peru (License 0350-2012-DGFFS-DGEFFS) 
and by the Instituto Chico Mendes for Biodiversity Conservation 
from Brazil (License SISBIO No 29092-1).
2.4 | Data analysis
2.4.1 | Interview responses
For each interview, responses were scored as 1 if correct and 0 if 
incorrect. We considered an incorrect answer when the interviewee 
identified a non-pregnant paca as pregnant (false positive) and a 
pregnant paca as non-pregnant (false negative), also when the inter-
viewee incorrectly indicated the location where the conceptus was 
implanted in the uterus.
We analysed all responses using GLMM with a binomial distribu-
tion to obtain logistic regressions of the probability of interviewees 
giving correct answers according to a set of predictor variables. We 
generated separate models for non-pregnant and pregnant females. 
For non-pregnant specimens, we considered the number of correct 
and incorrect responses (scores: 0—incorrect and 1—correct) as the 
dependent variables, and the interviewees' sex (man/woman) and 
age (continuous) as predictor variables. For pregnant specimens, we 
considered the number of correct and incorrect responses (scores: 
0—incorrect and 1—correct) as dependent variables, and the inter-
viewees' sex and age and the length of the conceptuses (continuous) 
as predictor variables. We built a null model (no effect of predictor 
variables) and models with different combinations of predictor vari-
ables, from simple ones (only one predictor variable) to a more com-
plex one (all variables in the model). We independently tested each 
interview round. Interviews from the same community may not be 
independent since there were a different number of interviewees for 
each community, and because we consider that the learning process 
and sharing of information on the biological traits of game species 
among local people may be nested at the community level. As a re-
sult of these two issues, the communities sampled were included as 
a random categorical factor.
Final models from GLMMs were compared based on Akaike in-
formation criterion (AIC) values, and all models with the ΔAIC < 2 
in relation to the model with lowest AIC were considered as with 
strong support (see Burnham & Anderson, 2004). To avoid selecting 
a model that was overfitting due to a large sample size, we also used 
a likelihood ratio test to compare the significance of these models; 
if two models were similar (p > 0.05), we considered the best-fitted 
model the one with lowest number of parameters, that is fewest de-
grees of freedom. However, we present all models with ΔAIC < 2 in 
Table S1. GLMMs were conducted using the r package lme4.
Finally, we assessed the effect of training on the probability 
of giving more correct answers in the second interview. For both 
non-pregnant and pregnant specimens, we calculated the difference 
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between the percentages of correct and incorrect responses in the 
two interview rounds using a chi-squared test. In addition, for preg-
nant specimens, we calculated the difference between the average 
logistic regression formulas produced in the GLMMs for each round 
of interview.
2.4.2 | Corrections of reproductive status and 
density dependence effects
Interview results were then used to correct the data on the repro-
ductive status of hunted females collected over the 17-year (2002–
2018) monitoring period in the ASDR. Since no systematic training 
on pregnancy diagnosis was conducted with local people during the 
monitoring period, we considered they could be categorizing preg-
nant females as non-pregnant at a similar rate as obtained in the first 
interview round. On this basis, we therefore applied a correction 
factor based on two steps. First, we used the formula of the rela-
tionship between conceptus length and gestational age in El Bizri 
et al. (2017; Crown-rump length = 0.179*Age − 5.28) to obtain the 
proximate number of pregnancy days up to which hunters would be 
mistakenly diagnosing pregnant pacas as non-pregnant. For this, we 
considered the threshold for an accurate diagnosis to be at a con-
ceptus length in which the probability of giving a correct answer was 
90%. Second, we used the monthly percentage of paca conceptions 
presented by El Bizri et al. (2018) as a proxy for the percentage of 
pacas that would be in the early days of pregnancy, not detectable 
as pregnant by the hunters. Based on the number of pregnancy days 
calculated from our first step, we calculated a retroactive monthly 
percentage of false negatives for each month, thus correcting the 
number of pregnant and non-pregnant females (see Table S2). The 
gestation length of 149 days for the paca was based on the study by 
Guimarães et al. (2008).
We used these corrected reproductive data to validate the ef-
fectiveness of a long-term citizen-science collection of reproductive 
performance data to: (1) provide reliable information on the repro-
ductive rates for the species; and (2) understand hunting effects. For 
the first aim (1), we selected females with a body mass ≥5.5 kg, which 
we considered as mature, following El Bizri, Fa, Valsecchi, Bodmer, 
and Mayor (2019). We then calculated the monthly percentage of 
pregnant specimens among the mature females sampled each month 
(hereafter monthly pregnancy rate), independently for each year 
and assessed the relationship between monthly pregnancy rate and 
the expected monthly pregnancy rate of pacas. For this purpose, 
we considered the published metrics of pregnancy rates in El Bizri 
et al. (2018), calculated from pregnancy diagnoses from genitalia 
collected in the ASDR by researchers and examined in the labora-
tory, as the expected monthly pregnancy rates (see Table S2). In this 
analysis, the month was treated as a fixed factor, while the year of 
collection was treated as a random factor.
For our second aim (2), we hypothesized that any hunting impact 
on any animal population would lead to an increase in pregnancy 
rates over time as a density-dependent response to lower population 
abundance (e.g. Lima & Jaksic, 1998). This increase in pregnancy 
rate would then be related to an increase in immature individuals 
in the population due to higher birth rates. We tested for all these 
relationships by calculating the yearly pregnancy rates of hunted 
specimens, correlating these with the mean annual catch-per-unit-
effort (CPUE, in ind hunter−1 hr−1) of hunting events as a proxy of 
paca abundance (see Marrocoli et al., 2019; Rist, Milner-Gulland, 
Cowlishaw, & Rowcliffe, 2010; Valsecchi, Bizri, & Figueira, 2014). 
Then, we correlated the yearly pregnancy rates with the annual per-
centage of immature individuals (number of individuals < 5.5 kg/total 
number of individuals hunted; see El Bizri, Fa, Valsecchi, et al., 2019; 
Mendes-Oliveira et al., 2012). Although 848 paca hunting events 
were recorded, we calculated CPUE for only nocturnal hunts using 
the ‘spotlighting’ method (n = 519), since paca is strictly nocturnal 
and spotlighting is a technique that is specifically used to hunt this 
and no other species, therefore guaranteeing that this index indeed 
reflected the species' abundance in the study area (see Valsecchi 
et al., 2014).
To assess the relationship between the monthly pregnancy rate 
and the expected monthly pregnancy rate of pacas, as well as density- 
dependent effects, we used a generalized additive model (GAM), 
which consists of univariate regression analysis that allows each re-
gression variable to have a linear or nonlinear relationship with the 
dependent variable. The type of nonlinearity is tested through the use 
of several smoothers/additive terms in the modelling process. These 
terms normally adds penalizations in the model to prevent overfitting. 
For the conduction of GAMs, we first tested the best family of dis-
tribution fitted to the response variable, comparing these based on 
QQ-plots of the residuals, and on the difference between AIC values 
among them. After selecting the best-fitted distribution, we built a 
null model (no relationship with the predictor variable), and models 
with the predictor variables in linear and nonlinear forms, testing pe-
nalized splines and cubic splines as additive terms. The final model, 
both in terms of retention of predictor variables and the type of rela-
tionship (whether linear or nonlinear), was selected based on AIC val-
ues (Burnham & Anderson, 2004), in which the model with the lowest 
AIC was selected. For these analyses, the r package gamlss was used 
(Stasinopoulos & Rigby, 2007). An advantage of using the gamlss pack-
age is its flexibility in terms of families of distribution (over 100 con-
tinuous, discrete and mixed distributions for modelling the response 
variable are available), and the various additive terms available com-
pared to other packages. We used r 3.3.3 software for all statistical 
procedures, and a p-value < 0.05 was considered significant.
3  | RESULTS
3.1 | The diagnosis of the reproductive status by 
local people
For non-pregnant females, there was a proportion of 92.6% and 
90.4% of correct responses in the first and second round of inter-
views, respectively, with no significant difference between rounds 
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(χ2 = 0.17; p = 0.68); no significant effect was observed for any of 
the predictor variables on the probability of giving correct responses 
(Table 1).
For pregnant females, the proportion of correct responses was 
72.5% for the first interview round. The probability of correctly 
diagnosing pregnancy varied according to the conceptus size, with 
lower probabilities for smaller conceptuses (Table 1; Figure 2a). 
This probability also varied according to the age of the inter-
viewee, with youngers answering correctly more often than older 
individuals; this difference being greater for small-sized conceptuses 
TA B L E  1   Details of the best-fit GLMMs for the diagnoses of mature paca Cuniculus paca females by local people through genitalia 
pictures, and generalized additive models (GAMs) for the relationship between the corrected monthly pregnancy rate from hunting registers 
with the expected pregnancy rate from genitalia, the trend in annual pregnancy rates along the hunting monitoring period (2002–2018), 
and between annual pregnancy rates with the catch-per-unit-effort (CPUE, ind hunter−1 hr−1) and proportion of immature individuals in 
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 (Intercept) 0.433 (0.20) 2.21 0.0272*    
 Conceptus size 0.190 (0.01) 18.01 <0.001* BI Logit 0.71 (4; 4; 
576.19)
 Interviewee age −0.001 (0.003) −2.98 0.0029*    
Second round        
Correct answers (Intercept) 0.452 (0.16) 2.85 0.0044* BI Logit 0.25 (3; 3; 
457.06)
 Conceptus size 0.569 (0.05) 11.64 <0.001*    
Interview—Non-pregnant pictures
First round
Correct answers (Intercept) 2.640 (0.30) 8.90 <0.001* BI Logit 0.35 (3; 3; 2.53)
 Interviewee sex 1.788 (1.04) 1.72 0.086    
Second round
Correct answers (Intercept) 2.687 (0.37) 7.28 <0.001* BI Logit 0.50 (3; 3; 2.17)
 Interviewee sex 15.774 (17.42) 0.01 0.993    
Monthly pregnancy rate
From hunting registers (Intercept) −9.910 (4.83) −2.05 0.042    
 From genitalia 1.042 (0.15) 6.79 <0.001* BCCGo Identity 0.65 (14; 15.5; 
31.80)
Temporal trends
Annual pregnancy rate (Intercept) −0.002 (0.16) −146.00 <0.001* IG Identity 0.99 (3; 4.9; 
15.86)
 pb (year) 1.169 (0.008) 148.10 <0.001*    
Density-dependent responses
Annual pregnancy rate (Intercept) 67.83 (11.56) 5.87 <0.001* GA Identity 0.86 (2; 3; 3.58)
 CPUE −118.95 (44.37) −2.68 0.018*    
Proportion of 
immatures
(Intercept) 8.00 (4.11) 1.95 0.072 GU Identity 0.87 (2; 3; 3.79)
 Annual pregnancy 
rate
0.26 (0.10) 2.65 0.019*    
Note: Smoothers were fitted using p-splines (pb).
Abbreviations: BI, binomial, BCCGo, Box Cox Cole Green Original, GA, gamma, GU, Gumbel; df, degrees of freedom; IG, Inverse Gaussian; k, number 
of parameters; wAIC, Akaike weights; ΔAIC null, difference between the AIC of the selected model and the AIC of the null model.
*p < 0.05.
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(Table 1; Figure 2b). The average probability formula calculated 
according to conceptus size is given by: Probability of Correct 
Responses = 1/1 + e−(0.19*Foetal size−0.08).
In the second round of interviews, after training, we recorded 
a total of 88.2% correct answers. The size of the conceptus still 
influenced the probability of giving correct answers (Table 1; 
Figure 2c,d). The average probability formula calculated according 
to conceptus size in the second round is given by: Probability of 
Correct Responses = 1/1 + e−(0.57*Foetal size+0.45), changing substan-
tially from the first round of interviews due to significant improve-
ments in the diagnosis of pregnancy after training (χ2 = 236.65; 
p < 0.0001). This improvement occurred for all conceptus sizes, 
but was higher for pregnant females with smaller conceptuses, be-
tween 0.5 and 10 cm (32–85 gestation days, 21.5%–57.0% of total 
gestation length respectively), with peak at around 5 cm (57 ges-
tation days, 38.3% of total gestation length), for which diagnoses 
improved by around 25% (Figure 3).
3.2 | Estimates of reproductive rates of game 
species and hunting effects
Out of the total number of hunted individuals recorded in our moni-
toring program (n = 1,236 pacas), 634 were females out of which 
554 were mature (87.4%, ≥5.5 kg). Among these, local dwellers 
classified 445 as non-pregnant and 109 as pregnant. Without any 
correction, the average monthly pregnancy rate from hunting reg-
isters was 22.7% (Table 2). Using the formula obtained from the 
F I G U R E  2   Probability of local people at correctly diagnosing pregnancy in pictures of genitalia of lowland pacas Cuniculus paca before (a 
and b) and after training (c and d), according to sex and age of the interviewee along the increase in conceptus size in pregnancy. Each line of 
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first round of interviews, we estimated that hunters would start 
 diagnosing pregnancies with ≥90% accuracy for conceptuses larger 
than 12.6 cm in length. This length corresponds to around 100 days 
gestational age (El Bizri et al., 2017). Thus, by including a retroac-
tive 3-month time-lag (~90 days) to the percentage of conceptions 
provided by El Bizri et al. (2018), the average monthly pregnancy 
rate increased by 19.3%, reaching 42.0% with the inclusion of 108 
females that were in fact pregnant but incorrectly diagnosed as 
non-pregnant (Table 2).
Corrected monthly pregnancy rates were positively and sig-
nificantly correlated with the expected monthly pregnancy rates 
calculated from genitalia collections (El Bizri et al., 2018; Table 1; 
Figure 4). The annual pregnancy rates calculated from hunting reg-
isters were on average 39.1%, presenting an inverted U-shaped pat-
tern of changes across years, with a peak in 2012 (Table 3; Figure 5). 
Pregnancy rates were negatively correlated with the annual CPUE 
over time (Table 1; Figure 6), and years with higher pregnancy rates 
had a higher proportion of immature individuals (Table 1; Figure 6).
4  | DISCUSSION
We showed that local people can participate in the voluntary diag-
nosis of the reproductive status of game species. Although we used 
the lowland paca as our model species, this method can be used 
for any hunted tropical forest placental mammal because: (a) these 
share similar internal reproductive morphology; (b) world-wide, local 
people eviscerate specimens before eating their meat; and (c) preg-
nancy is a phenomenon that can be easily identified by hunters.
The high score obtained in the first round of interviews shows 
that most interviewees already possessed ample understanding 
of the reproductive biology of game species. This traditional eco-
logical knowledge (TEK) probably starts from exposure to animals 
since childhood (da Cunha, 2009). At a very young age, children 
of both sexes are initiated into hunting practices via storytelling, 
and during puberty, young teens follow adults to hunts and assist 
TA B L E  2   Details on the number of mature paca Cuniculus paca females hunted in the Amanã Sustainable Development Reserve per 
month with their reproductive status, and the monthly pregnancy rates obtained from hunting registers before and after a correction. For 
more details on the calculations, see Table S2
Month













rate (%)d Pregnant Non-pregnant Total
January 6 19 25 5.3 24.00 45.33 35.82
February 10 27 37 7.1 27.03 46.23 40.11
March 16 31 47 9.2 34.04 53.71 48.71
April 10 26 36 7.8 27.78 49.32 47.28
May 6 35 41 11.7 14.63 43.09 51.58
June 12 43 55 13.6 21.82 46.51 53.01
July 15 103 118 27.1 12.71 35.68 50.14
August 10 74 84 14.3 11.90 28.91 42.98
September 8 45 53 3.9 15.09 22.54 32.95
October 8 26 34 4.1 23.53 35.60 34.38
November 7 7 14 1.5 50.00 60.53 35.82
December 1 9 10 2.7 10.00 36.84 31.52
Total/average 109 445 554 108.3 22.7 42.02 42.02
aEstimated number of females that were incorrectly diagnosed as non-pregnant when they were in fact pregnant (false negatives). 
bPregnancy rate calculated from interviews with local people before correction. 
cPregnancy rate calculated from interviews corrected based on the number of false negatives. 
dExpected monthly pregnancy rates based on calculations using data from genitalia collections obtained in El Bizri et al. (2018). 
F I G U R E  3   Improvement rate, in percentage, of the probability 
of local people in Amazonia at correctly diagnosing pregnancy in 
pictures of genitalia of lowland pacas Cuniculus paca after a training 
session
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in the butchering and cooking of animals (Bonwitt et al., 2017; 
MacDonald, 2007). This TEK on the reproductive cycles of spe-
cies play a particularly important role in influencing the younger 
generation's capacity to detect and hunt animals, and can be used 
in local management strategies to avoid overhunting (Berkes, 
Colding, & Folke, 2000). Vieira, von Muhlen, and Shepard (2015), 
F I G U R E  4   Relationship between the 
monthly pregnancy rates of lowland pacas 
Cuniculus paca determined by researchers 
through genitalia examinations and by 
hunting registers conducted by local 
people along 17 years in the Amanã 
Sustainable Development Reserve. Data 
on the pregnancy rates from genitalia 
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TA B L E  3   Details on the number of mature paca Cuniculus paca females hunted in the Amanã Sustainable Development Reserve per year 
with their reproductive status, the annual pregnancy rates obtained from hunting registers after a correction, the catch-per-unit-effort 
(CPUE; ind hunter−1 hr−1) of nocturnal paca hunting events and the proportion of immatures (individuals < 5.5 kg) within the total number of 
individuals hunted. For more details on the calculations, see Table S2
Year






immatures (%)Pregnant Non-pregnant Total
2002 1 37 38 21.93 0.31 17.57
2003 1 31 32 22.43 0.27 12.05
2004 3 25 28 30.01 0.33 15.63
2005 5 22 27 37.82 0.31 12.24
2006 7 41 48 33.88 0.25 12.77
2007 8 32 40 39.30 0.21 3.37
2008 3 35 38 27.19 0.24 10.38
2009 6 18 24 44.30 0.21 8.57
2010 12 23 35 53.59 0.16 19.40
2011 7 19 26 46.22 0.27 10.00
2012 19 23 42 64.54 0.21 28.41
2013 9 30 39 42.38 0.22 12.66
2014 6 22 28 40.73 0.24 18.67
2015 5 15 20 44.30 0.18 25.81
2016 11 38 49 41.75 0.21 10.23
2017 3 9 12 44.30 0.28 22.73
2018 3 25 28 30.01 0.21 21.21
Total/average 109 445 554 39.10 0.24 15.39
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in a study in the Brazilian Amazon, indicated that hunters com-
munally agreed not to take pregnant females or hunt during the 
reproductive season to guarantee the sustainability of game pop-
ulations. In another example, hunters' impressions of the body 
condition of adult female barren-ground caribou Rangifer tarandus 
in Canada corresponded to the reproductive status of the animals 
after dissection (see Lyver & Gunn, 2004). Thus, if pregnant ani-
mals can be identified during hunting events, it may be possible 
to develop more effective management strategies that take into 
account the reproductive biology of the game species.
Several interviewees were unable to identify small concep-
tuses in pictures of pregnant genitalia. Though we acknowledge 
that a number of interviewees may have guessed their answers, we 
argue that they may have classified them as non-pregnant actually 
believing they were correct, given the difficulty in detecting early 
pregnancies. This is supported by the rate of correct responses for 
non-pregnant specimens, which was much higher than expected in a 
random guessing situation (90% vs. 50% respectively).
In our study, before the training, younger people were better at 
diagnosing pregnancy than older people. This could be explained by 
two factors: hunting frequency decreases with age, and therefore 
younger people may be more frequently in contact with hunted an-
imals; and older people claimed that their weaker vision impaired 
them for properly seeing small conceptuses in the pictures, so 
younger people may have benefited from the method used in the 
study. Conversely, as exemplified in other citizen scientist studies 
(e.g. Ratnieks et al., 2016), we showed that after a short training ses-
sion the difference between these age groups was overcome, and 
we significantly improved our interviewees' ability at diagnosing 
pregnancy, especially for early pregnancy stages.
Thus, we claim that local peoples' ability at diagnosing pregnancy 
after training is similar overall, and will be even higher when they are 
handling the specimens themselves, since they would be able to pal-
pate the uterus in search for any sign of pregnancy, as they do while 
processing game. A previous training also allows for a direct calcula-
tion of pregnancy rates without the need for extensively correcting 
the data as we did here, considering that only a small proportion of 
pregnant individuals (around 10% from very early gestations) would 
F I G U R E  6   Relationship between the catch-per-unit-effort (CPUE) and annual proportion of immature individuals in hunted populations 
with the annual pregnancy rates of lowland pacas Cuniculus paca determined by hunting registers conducted by local people along 17 years 
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F I G U R E  5   Temporal trends of annual pregnancy rates of 
lowland pacas Cuniculus paca determined by hunting registers 
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be incorrectly diagnosed, which is similar to the proportion of under- 
detected pregnancies by transabdominal ultrasonography (Mayor, 
López-Gatius, & López-Béjar, 2005). Our claim is supported by the 
strong match between local and laboratory diagnoses of pregnancy, 
which shows that citizen scientists in rural communities are able to col-
lect accurate information of the natural cycle of the species in the wild.
Our citizen-science monitoring of annual reproductive rates has 
also proved to be reliable for assessing density-dependent responses 
of populations to hunting, which is difficult to obtain in the field. To 
our knowledge, this technique has not been applied for tropical game 
species before our study. In addition, the highest pregnancy rate value 
obtained in our study (64.5%) is similar to that obtained by Mayor 
et al. (2017) through genitalia collections in the Peruvian Amazon 
(62.8%), used to refine the intrinsic rate of population increase (rmax) 
in the paca. Mayor et al. (2017) estimated a minimal cost of US $2.75 
per biological sample obtained through community-based collec-
tions. Therefore, in the present study, the citizen-science diagnosis 
of pregnancy generated savings of US $1,743.50 for the paca alone. 
Accordingly, we advocate that the method presented here can be use-
ful for faster, easier, low-cost and accurate assessments of sustainabil-
ity. Using this method to properly assess hunting impacts would aid 
more effective strategies to protect wildlife from overexploitation, and 
decision-makers and local leaders can be provided with accurate tools 
to implement tangible policies aimed at minimizing food insecurity.
Globally, around 45% of the protected areas are fully or co- 
managed by local people (Garnett et al., 2018; UNEP-WCMC & 
IUCN, 2016), and thus, subjected to direct human use of fauna. We 
believe that the present method shows great potential to be applied 
in several contexts around the world, and even improved when 
integrated into new technologies currently used in participatory 
monitoring systems, such as smartphones and specific monitoring 
software (see van Vliet et al., 2017).
Very few studies on life-history parameters of tropical species 
have relied on data obtained in the wild, and even fewer have obtained 
such data with the collaboration of local people, even though these 
are the main actors responsible to manage game populations. Here, 
we provide a tool to overcome the challenge of obtaining reproduc-
tive data on game species in the wild, offering a practicable method 
that improves sample size for wildlife research. We confirmed that the 
diagnosis of pregnancy in game specimens undertaken by local peo-
ple integrated in a citizen-science program is useful to assess hunting 
effects and provides accurate data for evaluating hunting sustainabil-
ity for tropical mammals. Finally, this study offers the opportunity for 
locally produced data to be integrated into educational programs and 
policies, providing significant information that can be used against 
food insecurity and wildlife overexploitation world-wide.
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